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Haplic Vermudolls: at end of sentence, add "a',

Lithic~Vertic Haplustolls should read "Haplustolls 1like the Typic except for f and h(2)
with or wionuE dor i or both." .

Vertic Haplustolls should read "Haplustolls like the Typie except for h(1l) with or
without all or sny of b, d, or e."

Typic Natrixerolls, item ¢, line 3, change 2.5 m to 2.5 cm,

(Alfisols) First line should read "Alfisols sre mineral soils that have no spodic or oxic
horizon overlying an argillic horizon; that have no plinthite that forms a continuocus
phase within 30 cm (12 inches) of the soil surface; that"

Ttem 1, 1ine L, change "em® to "m“,

Typic Cryoborslfs, change item s to read like item a of Typic Umbraqualfs, p. 16kL.

Mollie Fragiudalfs: change b to d.

Andic Glossoboric Hapludalfs: change ¢ to e,

Typie Durixeralfs, item a, line 3 change 2.5 m to 2.5 cnm,

Aquultic Havloxeralfs: change f to g.

Footnote, line 1, delete the two words "the Key".

Aquultic Paleudalfs: change e tolc

Mollic Paleudalfs: change ¢ to o

Ultic Paleudalfs: change e to c
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NAMES OF SUBORDERS AND GREAT GROUPS

Chapter 4
NOMENCLATURE

The curvent names of the taxa in the orders, suborders, and great groups are shown in the

table of names at the end of this chapter.
formative elements in more than one category of some orders,
We have subsequently restricted the use of a given prior formative element to a single
Spelling has been altered in the names of great groups having calcic

subgnoups .

category in any one order,

The names initially proposed used the same prior

This led to difficulty in naming

horizons and fragipans by inserting the letter i to soften the final ¢ of "eale" and the g for

"frag" and "arg."

These have become "calci," "Fragi," and "argi."

The formative elements used for suborder and great group names and their derivations follow.

Formative Flements in Names of Suborders

Forma- Derivation or o o
tive formative Mnemonicon ' Connotation of formative element
elements element
alb L. albus, white. albino Presence of albic horizon
{a bleached eluvial horizon),.
and Modified from Ando Ando-like.
Ando.
aqu L.7aqua, water. aquarium Characteristics associated with
wetness,
ar L. arare, to plow arable Mixed horizons.
arg Modified from - argillite Presence of argillic horizon (a
argillic horiuzon; L. horizon with illuvial clay).
argilla, white c¢lay.
bor Gr. boreas, boreal Cool.
northern,
ferr L. ferrum, iron, ferruginous Presence of iron.,
fibr L. Tibra, fiber, fibrous Least decomposed stage,
fluv L. Thavius, river, fluvial Flood plains,
hem Gr. hemi, half. hemisphere Intermediate stage of decomposition,
hum L. humus, earth, humus Presence of organic matter.
lept. Gr. Ieptos, thin. leptometer Thin horizon.
ochr Gr, Base of ochros, ocher Presence of ochric epipedon (a light-
pale. colored surface).
orth Gr. orthos, true. orthophonic The common ones.,
plag Modified from Ger. Presence of plaggen epipedon.
plaggen, sod,
psamm Gr, psammos, sand, psammite sand textures.
rend Modigiea from Rendzina. Rendzina Rendzina-like,
sapr Gr. sapros, rotten, saprophyte Most decomposed stage.
torr L. tofridus, hot and torrid Usually dry.
dry.
trop Modified from Ge. tropical Continually warm.
tropikos, of the
solstice.
ud L. udus, humid. udometer Of humid climates.
umbp L. umbra, shade, umbrella Presence of umbric epipedon (a dark-
’ colored surface),
ust L. ustus, burnt. combustion Of dry climates, usually hot in summer.
xer Gr., Xeros, dry, xerophyte Annual dry season.
Formative Elements for Names of Great Groups
Forma- Derivation of
tive formative Mnemonicon Connotation of formative element
B element element’
acr Modified from Gr. acrolith Extreme weathering.
azkros, at the end.
agr L. ager, field. agriculture An agric horizon.
alb L. albus, white, albino An albic horizon.
and ModTTTed from Ando. Ando Ando-like.
anthr Gr. anthropos, man, anthropology An anthropic epipedon.
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Formative Elements for Names of Great Groups (Continued)

Forma- Derivation of ~
tive formative Mnemonicon Connotation of formative element
element element o
aqu % a, water, aquarium Characteristic associated with wetness,
arg odified from argillic argillite An argillic horizon,
horizon- L. argilla,
white clay.
cale L. calecis, lime, calcium A caleic horizon,
camb L. L. cambiare, to change A cambic horizon.
exchange.
chrom Gr. chroma, color. chroma High chroma.
ory Gr. kryos, coldness. erystal Cold.
dur L. durus, hard. durable A duripan.
dystr, dys Modu'fida from Gr. dys dystrophic - Low base saturation.
ill; ¥strophic in-
fert e,
eutr, eu Modified from Gr. eu, eutrophic High base saturation.
good; eutrophic .
fertiTe.
ferr L. ferrum, iren, ferric Presence of iron.
frag Mog itied fro-g I;. 1 fragile Presence of fragipan.
ragilis, brittle.
fragloss Compou of fra(g)
and gloss. See the formative elements frag and
loss .
gibbs Modified from gibbsite. gibbsite Preserice of gibbsite,
gloss Gr. glossa, tongue. glossary Tongued .
hal Gr. %a‘.lrsalt. halophyte Salty. -
hapl Gr. ha EIous simple. haploid Minimum horizon.
hum L. humus, earth Presence of humus,
hydr Gr. hydo r water, hydrophobia Presence of water.
hyp Gr. pnon moss., hypnun Presence of hypnum moss.
luo, lu Gr. louo, to wash. ablution Illuvial.
moll L. mms soft. mollify Presence of mollic epipedon.
nadur Conpound o o:t' na(tr),
and dur.
natr Modified from natrium, Presence of natric horizon.
sodium,
ochr Gr. base of ochros, ocher Presence of ochric epipedon (a light-
pale. colored surface). .
pale Gr. paleos, old. paleosol 0ld development.
pell Gr. pelYos, dusky. Low chroma.,
plac Gr. base o of plax, Presence of a thin pan,
flat stone.
plag Modified from Ger.
plaggen, sod. Presence of plaggen horizon.
plinth Gr. plinthes, brick. Presence of plinthite.
quartz Ger. quarz, quartz. quartz High quartz content.
rend Modifi rom Rendzina Rendzina Rendzina-like, ,
rhod Gr. base of rhodon, rhododendron Dark-red colors.
rose,
sal L. base of sal, salt. saline Presence of salic horizon.
sider Gr. sideros,, iron. siderite Presence of free iron oxides.
sphagno Gr, Sphagnos, bog. sphagnum-moss Presence of sphagnum-moss.
torr L. torrigus, hot and torrid Usually dry.
dry,
trop Modified from Gr. tropical Continually warm.
tropikos, of the
solstice.
ud L. udus, humid, udometer Of humid climates.
umbr . base of cmbra, shade, umbrella Presence of umbric epipedon.
ust L base of ustus, burnt. combustion Dry climate, usually hot in summer.
vernm L. base of vermés, worm. vermiform Wormy, or mixed by animals.
vitr L. vitrum, gIass. vitreous Presence of glass.
xer Gr. xeros, dry. xerophyte Annual dry season.
sombr F. sombre, dark sombar A dark horizon.




Chapter 4
NAMES OF SUBGROUPS

Subgroup names consist of the name of the appropriate great group modified by one or more
adjectives. The adjective typic is used for the subgroup that is thought to typify the central
concept of the great group.

Intergrade subgroups that have, in addition to the properties of their great group, some
properties of another class carry the name of the other class in an adjective form., For example,
assume a Cryorthent that has a B horizon too weakly developed to allow placing the soil in any
order othﬁngﬁiﬁ'ﬂﬁfisol, but strongly enough developed to be recognizable. We shall assume
that the aberrant properties in this soil are those that have been used to define a suborder in
another order, The name of the subgroup therefore would be formed by modifying the great group
name, Cryorthent, with the adjective form of the name of the appropriate suborder. If the very
weakly'E%VEIEEEE B horizon were one in which illuvial humus had accunulated (as defined later
for a spodic horizon and diagnostic for the suborder of Humods), the name of the subgroup would
be Humodic Gryorthent. In this manner, the names of orders, suborders, or great groups, or any
of the prior formative elements of these names, may be used in adjectival form for subgroup names.
A few soils may have aberrant properties of two great groups belonging in different orders or
suborders., For these, it is necessary to use two adjectival forms of ¢lass names in the subgroup
name.

Naming of Intergrades Toward Other Great Groups
in the Same Suborder

If the aberrant property of a soil is one which is characteristic of another great group in
the same suborder, only the distinctive formative element of the great group name is used to
indicate the aberrant properties. Thus, Typic Durargid is defined as having a platy or massive
duripan that does not soften appreciably on wétfing. If the only aberrant feature of a Durargid
is that the duripan is brittle and has only about a third of its volume cemented into nodules
called durinodes, it is considered to intergrade toward the Haplargids--the Argids that do not
have duripans. The name, however, is Haplic Durargid, not Haplargidic Durargid. Only the prior
formative element is used in adjectival form the two great groups are in the same suborder.

Naming of Intergrades Toward a Great Group in the
Same Order, but in a Different Suborder

Two kinds of names may be used to indicate intergrades toward a great group in the same order,
but in a different suborder. If the only aberrant feature is one of color, with chromas that are
too high or too low for typic subgroups, the adjectives aquic and aeric are used.

These are shorter and in some instances more descriptive %ﬁan the formative eleménts of the sub-
order or great group names,

Thus, if the only aberrant feature of a Hapludult is mottling that is too shallow for the
pic Hapludult, the adjective aquic 8 used in subgroup names. If mottling with
oW chromas appears within the upper 25 em (10 inches) of the argillic horizon, the soil is

called an Aquic Hapludult:

If an Aquult has chromas that are too high for the typic subgroups but no other aberrant
feature, it7is placed in an aeric subgroup. The use of af adjective taken from the suborder, udic,
would not suggest that the difference was one of aeration alone.

In other instances the adjective in the subgroup name is made from the prior formative
element of the appropriate great group name in that suborder. For example, if a Dystrochrept
has an epipedon that approaches an umbric epipedon it may be considered to intergrade to the
Umbrepts. It is called an Umbric Dystrochrept rather than an Umbreptic Dystrochrept.

Naming of Intergrades Toward Great Groups
in Other Orders

If a Hapludalf has an epipedon that is too dark for & typic subgroup and approaches the
properties of & mollic epipedon, the soil is considered to Im ergrade to one of the great groups
of Mollisols. If the only aberrant feature is the nature of the epipedon, the soil is placed in
the Subgrolp of Mollic Hapludalfs. This feature is the feature common to all Mollisols, and the
prior formative elément of the order name is used. If, in addition the soil should show mottles
with gray colors in the upper part of the argillie horizon, it would be considered an intergrade
toward the Aquolls and would be called an Aquollic Hapludalf. Note that this is simpler than
Aquic Mollic Hapludalf. The general rule 15 That the simplést possible name is used,
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Table 9. Names of Orders, Suborders, and Great Groups

Order Suborder Great Group Order Suborder Great Group
Entisols (1)==---. Aquents==mnan Cryaquents Inceptigola (3)---Plaggepts
Haplaquenta
Hydraquents Tropepta==-~---Dystropepts
Psammaquents Eutropepts
Tropaquents Humitropepts
Ustropepts
Arents
Umbrepta ~-Anthrumbrepts
Fluventg------ Cryofluvents Cryumbrepts
Torrifluvents Fragiumbrepts
Tropofluvents Haplumbrapta
Udifluvents Xerumbrepts
Ustifluvents :
Xerofluvents Aridisols (L) Argids Durargide
Haplargids
Orthentg--=~r- Cryorthents Nadurargids
Torriorthents Natrargids
Troporthents Paleargids
Udorthents .
Ustorthents Orthidg--=cem=- Caleiorthids
Yerorthents Camborthids
Durorthids
Pgamments-----Cryopsamments Paleorthids
Quartzipsamments Salorthids
Torripasamments .
Udipsamments Mollisols (5) Albolls Argialbolls
Ustipsamments Natralbolls
Xeropsamments
Aquollg==mrrm== Arglaquolls
Vertisols (2)----Torrerts : Caleciaquolls
Cryaquolls
Udartg----==--- Chromiderts Duraguolls
: Pelluderts Haplaguolls
Natraquolls
Ustertg-e-=--- Chromusterts
Pellusterts Borollg-==wr===, Argiborolls
Caleciborells
Xerertg~waamaa Chromoxererts Cryoborolls
Pelloxererts - Haploborolls
Natriborolls
Inceptisols (3)--Andepts——————- Cryandepts Paleborolls
Durandepts Vermiborolls
Dystrandepts
Eutrandepts Rendolls
Hydrandepts
Vitrandepts Udollg-===e=m==- Argiudolls
. Hapludolls
Aqueptg———msu-, Andaquepts Paleudolls
Cryaquepta Vermudolls
Fragiaquepts
Halaquepts Ustollgem—nwumun, Argiugtolla
Haplagquepts Caleiustolls
Humagquepts Duruatolls
Plinthaquepts Haplustolls
Tropaquepts Natrustolla
Paleustolls
Ochreptg------ Cryochrepts Vermuatolls
Durochrepts
Dystrochrepts
Eutrochrepts
Fragiochrepts
Ustochrepts

Xerochrepts
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Table 9. Names of Orders, Suborders, and Great Groups (cont,)
Order Suborder Great Group Order Suborder Great Group
Argixerolls
Mollisols (5)~=--=-Xerolls-----0alecixerolls Alfisols (7)-----XeralfS----- Durixeralfs
Durixerolls Haploxeralfs
Haploxerolls Natrixeralfs
Natrixerolls Palexeralfs
Palexerolls Plinthoxeralfs
Rhodoxeralfs
Spodosols (6)----AquodS-==--- Cryaquods
Duraquods Ultisols (B)-==-u AQUultS-=--- Fragiaquults
Fragiaquods Ochraquults
Haplaquods Plinthaquults
Placaquods Tropaquults
Sideraquods Umbraquults
Tropaquods
Humultg----- Haplohumults
Ferrods Palehumults
- Tropohumults
Humod$--==e- Cryohumods
Fragihumods Udultsrmanwn Fragiudults
Haplohumods Hapludults
Placohumods Paleudults
Tropohumods : Plinthudults
Rhodudults
Orthods----- Cryorthods Tropudults
Fragiorthords )
Haplorthods : Ustults-----Haplustults
Placorthods Paleustults
Plinthustults
Alfisols (7)-=--- Aqualfs----- Albaqualfs Rhodustults
Pragiaqualfs Tropustults
Glossaqualfs
Natraqualfs . Xerults.----Haploxerults
Ochraqualfs . Palexerults
Tropaqualfs
Umbraqualfs Oxis0is (9)------AqUOX—m==wm-~ Gibbsiaquox
Ochraquox
Boralfs----- Cryoboralfs Plinthaquox
Eutroboralfs Umbraquox
Fragiboralfs
Glossoboralfs : Humox -~ «-«~--Acrohumox
Natriboralfs Gibbsihumox
Paleboralfs Haplohumox
Sombrihumox
Udalfg--m=u- Agrudalfs
Ferrudalfs Orthox----- ~Acrorthox
Fragiudalfs Eutrorthox
Glossudalfs Gibbsiorthox
Hapludalfs Haplorthox
Natrudalfs Umbriorthox
Paleudalfs
Tropudalfs Torrox
Ustglfs-vana Durustalfs ‘ UStOX = =mmwax Acrustox
Haplustalfs ] Eutrustox
Natrustalfs Haplustox
Paleustalfs '
Plinthustalfs Histosols (10)---Incomplete

Rhodustalfs
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Argillic horizon-- Chapter 5

Bignificance of Argillic Horizons to Soil Classification

The argillic horizon by itself has little importence to soil clessification. A taxon that included
®vll soils with argillic horizone would have almost no other common property. Yet the horizon is a mark
of the dominance of silicate clay translocation over processes that destroy or remove clay from the soil,
and over processes that mix horizons. Because its formation is relatively slow, its presence indicates
stability of the surface when undisturbed by men. Time has been ample on this stable surface to develop
an apparent equilibrium between formation and decomposition of organic matter. Its presence indicates
that a substantisl amount of water has moved through overlying horizons, enough that soluble materisls
heve been removed, though they may subsequently have been replaced. One might say that its presence is
evidence that climate and vegetation have had opportunity to show their effects, though one may not say
that this is true for the present climate and vegetatiom.

Teken in combination with other diagnostic features, the argillic horizon has much more meaning. In
the desert environment it indicates a soil and surface of great age, for in the present environment rain-
fall is often not enough to moisten the soil to the base of the horizom.

On the steppes, the savannas, and the grasslands of subhumid climates, the argillic horizon ie a
nseful means of distinguishing the surfaces of recent or very late Pleistocene agé from the older sur-
faces. Its presence also correlates well with many other properties affected by leaching. In these rel-
atively 4ry areas, the argillic horizom, in the absence of ective mixing of horizons by soil fauns, seems
10 be a mark of soil age. As time passes, other things being equal, the argillic horizon becomes finer
textured, and develops an gbrupt upper boundary. Soils with fine textured B horizons and abrupt A-B hori-
zon boundarieg were the orthotypes of the soils called Planosols. :

In cool humld regions the argillic horizon seems to be transient. It forms slowly, but with time it
i= moved deep into the soll and finally destroyed. In its place one finds the cambic or spodic horizons
that sre discussed later.

In humid temperate and tropical regicms, the presence of the argillic horizon has still other mean-
ings. In the humid temperate forested regions, the argillic horizon is mainly a mark of surface stabil-
Jty and of a seasonal moisture deficit. Its use helps distinguish the stable and unstable surfaces, as
well as the soils with seassonal moisture deficits.

In humid tropics the argillic horizon appears to be useful in distinguishing many of the soils with
some weatherable minerals from those formed in the old, completely weathered sediments. However, we have
much to learn yet about these soils.

It needs to be stressed that the argillic horizon is no more importanmt to soil c¢lassification and to
801l genesis than many other horizons. It has been used at s higher categoric level in some parts of the
system only because that use has produced groupings of soils with the largest number of common properties.

Appearance of the Argillic Horizom

The horizons of accumulation of illuvial clay that constitute argillic horizons have a variety of
forms, and though positive identification is sometimes difficult, several features may be used for recoge
nition in most soils. No one feature is common to all argillie horizons and lacking in all other hori-
zans, but nearly all argillic horizons have at least two of the common features.

First, if there ie an overlying horizon other than an Ap, the texture change between the eluvial and
11luvial horizons 1s generally clear or abrupt. Sometimes it is gradual, and often it is irregular.

The argillic horizon is generally distinetly finer in texture than the overlying eluvial horizon or
‘the underlying parent material. The ratio of the clay content of the eluvial and illuvial horizom is 1.2
or larger, and ususlly larger. The incresse of 20 percent or more in the clay content ususlly occurs
within a vertical distance of less than 6 inches (15 em.). In a few soils the transition mey take up to
12 inches (30 em.). The lower boundary of the argillic horizon is often gradusl, and irregular.

Second, there are usually coatings of oriented clay on the surfaces of pores and of peds somevhere
within the horizon.

Third, the ratic of fine cley (less than 0.0002 mm.) to coarse clay is larger in the argillic horizon
then it 15 in the eluvisl horizons or in the horizons that underlie the argillic horizon.

Fourth, rock structure is not evident or is evident in less than half of the volume. Rock structure,
in this context, refers to weathered rock in which the original shape ani relative position of the altered

gner:h are still evident. Material is often called saprolite by soil scientists if it retains rock
micture.
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Argillic horizon-- Chapter 5

In addition to the increased clay content and clay skins, we can expect the argillic horizon to have
at least two other properties in this situgtion. The first property ls thickness. Significant illuviation
requires that the illuvial horizon have a reasonsble thickness. An illuvial horizon 1 cm, thick underlying
an eluviel horizon 50 cm. thick would not indicate o great deal of translocation. The illuvial horizon's
thicknese should be at least one-tenth that of the overlying horizone to indicate significant illuviation.

The second property is related to the transition from the eluvial horizon to the argilliec horizon.
The boundasry may be abrupt or even gradual, but the clay content increases sharply enough that the limits
for an argillic horizon are exceeded within a 12-inch vertical distance. To have en argillic horizon, the
minimum increase in clay should occur within a 12-inch or thinner transition. It should be stressed thet
an increase in clay content with depth is not in itself evidence of an argillic horizon.

Stages of Degradation: Detailed studies of the micrcmorphology of some soils with argillic horizons
{e. g., Glossoboralfs) show evidences that an argillic horizon may be formed and later destroyed. The clay
gkins are absent from the ped surfaces, and bleached coatings of silt or sand are left. Oriented clays
within the peds persist for a time. It is possible, therefore, to have an argillic horizon undergoing
degradation. Such a horizon has few or no clay skins on ped surfaces but has few or many oriented clay
bodies within the peds. It is common in déé?ad{gg horizons that the clay skins on ped surfaces or in
pores are most abundent in the lower part of the argillic borizon end in the transition to the next under-
lying horizon. In advanced stages of degradetion there may be no clay skins in or on the peds in the up-
per part of the argillic horizon,

The degrading argillic horizon shows evidence of degradation in addition to that indicated by absence
of clay skins, It has an irregular upper boundary marked by narrow or broad penetrations of the eluvial
horizon. Small nodular remnants of the argillic horizon are often found in the lower part of the eluvial
horizon. '

To summarize, if & horizon has an irregular or broken upper boundary it i1s consideréd an argillic
horizon sc long as it (1) retains a clay ratio of 1.2 or more with the overlying horizen; (2) has oriented
¢lays in or on peds in the lower part; and (3) has an upper subhorizon with an irregular upper boundary
that is not separated from the subhorizon with clay skins by an eluvial horizon (the albic horizon which is
discussed later).

Jdentification in Sandy Scils

In sands and loamy sands, the argillic horizon often forms as a series of "fibers", or lamellae (fig.
12, p. 44), fThese are spaced at intervals ranging from a very few inches up to a foot or more. Only the
lamellae are wsed for comparing textures and determining the thickness of the illuvial horizon. Obviously,
a single lamella with a thickness of 2 mm. should not constitute an argillic horizon. It is too thin to
indicate significant illuviation. Lamellae 1 ¢m. or more thick, end totaling something like 15 em. or more
in thickness, should be present for the recognition of an argillic horizon in sands and loamy sands.

Whether the argillic horizon is continuous or in lamellae, an arbitrary and somewhat higher ratio of
the clay in the illuvial and eluviel horizons seems necessary in sandy soils. If the clay content of the
parent material is only 1 percent, the movement of 10 percent of the clay from the surface horizon to an
illuvial horizon would give clay contents of 0.9 and 1.1, respectively, if the two horizons had the same
mass. Such a difference is too small to be detected in the fleld, or even in the laborstory by ordinary
procedures. For this reason, en arbitrary difference of at least 3 percent of the total soil, the differ-
ence between 3 percent clay and 6 percent clay, hae been selected as a division point for those soils hav-
ing less than 15 percent clay in their surface horizons. With s difference of less than 3 percent cley be-
tween the eluvial and illuvial horizons, an argillic horizon is not recognized, although a B horizon may be
readily discernibvle.

Identification in Fine-Textured Kaolinitic Soils

A ratio of the clay in the illuvial and eluvial horizons of 1.2 would require an unressonsble amount
of translocation in parent materials rich in clay. A difference of 8 percent of the totsl fine earth frac-
tion ordinarily should be detectable in clayey soils in the field and is easily measured in the laboratory.
Consequently, if the surface horizon contains more than L0 percent clay, an increase of 8 percent or more
in a subsurface horizon seems adequate for the recognition of an argillic horizon if the other characteris-
tics of the horizon are present.

If the surface horizons are clayey, an argillic horizonm is rarely obvious. Normally there is little
or no color difference between the illuvial horizon and other horizons. Clay skins are difficult to see in
the field because they have little contrast in texture with the matrix. They are also most susceptible to
destruction in fine-textured horizons by pressure and by changes resulting from consolidation or fragmen-
tation of peds that make for instability of ped surfaces. Even in the laboratory, uncertainty is great be-
cause pressures and stresses can produce clay orientation. .
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Chapter S

Spodic horizon--Cont.

According to newer theories an association is formed between organic matter and iron and alumimum
by chelation and electrostatic bonding. Such compounds are soluble if the sesquioxide concentration is
low and are precipitated when the sesquioxide concentration reaches a critical level. Hence, if soluble
compounds moving through the soll pick up sesquioxides from primary minerals and from parts of the spodic
horizon, they eventually precipitate somewhere in the spodic horizon. Such movement can be downward dae
to gravity or lateral or even upward due to capillary forces. Immobilization of the sesquioxides may also
be the result of hydrolysis of the organic-metal complex induced by changes in pH or by blological de-
struction of organic ligands. Some of the specific properties of the immobilised material that becomes
the active fraction of spodic horizons can be used as one of the means of ldentification. These properties
are high concentration of carboxyl and hydroxyl sites that are destroyed on heating and solubilization of
organic matter and sesquioxide compounds on treatment with a strong complexing agent (sodium pyrophosphate).

Distinctions between Spodic and Argillic Horizons

Argillic horizons are illuvial, and so are mogt spodic horizons. We think that diserete erystalline
clay particles are moved from the eluvial to the illuvial horizon and within the illuvial horizon to form
argillic horizons, Hence, in soils with argillice horizons, the clays in the eluvial and illuvial horizons
are similar except when some one clay mineral moves preferentially to others. The silica-sesquioxide
ratio for the whole 80il is at & minimum in the argillic horizon but that of the clay fraction remains
virtually constant throughout the profile. In soils with spodic horizons the dominant processes are
dissolution of primary minerals in any eluvial horizon, movement of iron, aluminum, and organic matter,
snd precipitation of amorphous organic matter-metal complexes. Typically, the mineralogy of eluvial
and illuvial horizons differs greatly and the silica-sesquioxide ratio in the spodic horizon is at a
minimm both in the whole soil and in the clay fraction.

In mechanical analysis ag least soma of the illuviated iron and aluminum digperses and becomes part
of the measured clay fractionu/ Hence, data commonly show a clay maximum in the spodic horizon. Both
spodic and argillic horizong may be horizons of free iron accumulation. But in well-drained soils having
argillic horizons the ratio of free iron to clay tends to be constant in all horizons, whereas in solls
having spodic horizons this ratio tends to be variable.

In table 13, page 60, 7th Approximation, two seoils with spodic horizons are compared to two soils
with argilliec horizons. All four soils have an albic horizon and have been considered Podzols by some.
Descriptions of the soils and additional data are on pages 85 to 88. Although the silica-sesquioxide
ratio of the whole soil has a minimum in both groups of soils, this ratio for the «0,002-mm fraction is
approximately constant throughout in the soils with argillic horizons and highly variable in the soils
with spodic horizons.

Micromorphology also shows that there are large differences., The birefringent crystalline clay
coatings of the argillic horizon (fig. 6, page 39, Tth ApProximation) differ sharply from the isotropic
amorphous coatings of the spodic horizons (fig. 15, page L48). Most spodic horizons, however, contain
ome illuviated crystalline clay.

Distinetions between Spodic and Cambic Horizons

The cambic horizon is formed by alteration of parent material in place, causing release of iron
and structure formation, or by solution and removal of carbonates; it 1s never an illuvial horiszon but
it may contain large amounts of precipitated active amorphous materials that are very similar to those
of the spodic horizon. There are two situations where spodic and cambiec horizons may be confused in the
field. A cambic horizon may grade by imperceptible stages into a spodic horizon as a result of varying
smounts of accurmlation of amorphous masterials. A very weakly developed spodic horizon, however, contains
more sctive amorphous material than many cambic horizons, and the two kinds of horizon can be separated
either on the basis of their micromorphology or by the chemical techniques described later. It may
also be difficult to distinguish spodic horizons from the cambic. horizons of solls developed in pyro-
clastic materials such as volcanic ash. Both horizons contain amorphous materials that do not differ
significantly in the kinds of measurements we can make now., Both kinds of amorphous material may lose
Bimilar proportions of their cation-exchange capacity upon heating or extraction with dithionite-citrate.

The distinction between the spodic horizon and the cambic horizon with an amorphous active fraction
(in soils formed in vitric materials such as volcanic ash) is based first on avidencea of illuviation.
Assume there is an overlying eluvial (albic) horizon that extends below plow depth as a continuous
horizon or even as an intermittent horizon. In this situation we may safely infer that the underlying
horizon is illuvial provided it meets the minimum requirements for extractable carbon, iron and alumirum
relative to clay. The eluvial (albic) horizon should have chromas of 2 or less,or sand and silt grains
that are dominantly clean, and it should be thick enough to insure that some part of the eluvial horizon
extends below plow depth. A very thin eluvial horizon, only 1 to 3 em thick, is apt to be accompanied
by an illuvial horizon of comparable thickness snd would not by itself indicate sufficient illuviation
for a spodic horizon. It is apt to indicate only the beginning formation of a spedic horizon.

2/ The illuvial msterial of some spodic horizons disperses readily in one and not in another
dispersing agent. Hence, different methods may give different results. In some spodic horizonms the
spparent silt accumulation is more promounced than the clay accumulation.

et ey
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In the laboratory

Optical identification of amorphous material

Many spodic horizons can be identified with certainty by the presence of well-defined
isotropic coatings (fig. 15, page 48, 7th Approximation) or of well-defined isotropic pellets
(fig. 14, page 47). Some may be confused with argillic horizons if the coatings are weakly aniso-
tropic in the part closest to an underlying sand grain or if there are significant inclusions of
mica or other anisotropic clay minerals. Optical methods also may not be reliable if only diffuse
pellets are present or if volecanic glass or other evidence of pyroclastic material leads one
to suspect a cambic horizon that contains amorphous clay. In such cases the positive identifi-
cation of spodic horizons may have to be based on chemical and physical methods.

Chemical identification

Some of the properties of the active amorphous material of spodic horizons such as high
cation-exchange capacity, loss of exchange capacity on heating ,_3/and the presence of specific
functional groups have been mentioned before. It would be desirable to define the spodic
horizon by such properties. Some forms of organic matter and amorphous (allgphane-like)

material in some cambie horizons, particularly those developed in pyroclastic materials, have
- such similar properties that an exclusive definition of spodic horizon in these terms is impossible
at this stage of our knowledge.

The spodic horizon is therefore defined here in terms of (1) 15-bar water retention, (2)
percentage of pyroclastic material in the silt and coarser fractions and (3) solubility of its
active components--organic matter, hydrated iron oxides, and hydrated aluminum oxides--in hot
dithionite-sodium pyrophosphate relative to the clay content of the horizon:

1. The 15-bar water retention is 20 percent

2. Less than 60 percent of the 20 to 200 micron fraction (by weight) consists of vitric ash, pumice
-or other pyroclastic materials

3. percent extractable carbon + iron + aluminum
percent clay = 0.15

These conditions must be satisfied in any one subhorizon having enough extractable Fe, Al, or
organic matter to satisfy the "other limits" discussed later. Carbon, iron, and aluminum
{elemental concentration) are extracted by hot pyrophosphate-dithionite solution at pH 7.3;
percentage of clay and silt are determined by the hexametaphosphate-pipette method.

Representative data for spodic horizons and selected cambic, argillie, and oxic horizons,
as well as mollic'and umbric epipedons, are given in Table A. Pyrophosphate-dithionite is used
as the extractant to permit the carbon determination. Pyrophosphate-dithionite solution seems
to be somewhat specific for the kinds of carbon, iron, and aluminum in the amorphous material.
In spodic horizons usually more than half of the total carbon is extracted, whereas in the
absence of amorphuvus (allophane.like) materials, less of the total carbon is extracted. In
spodic horizons pyrophosphate-dithionite removes about as much iron as the dithionite-citrate
method, but it removes only a small fraction of the dithionite-citrate-extractable iron from
argillic, oxic, and some cambic horizons. The organic matter dissolved by pyrophosphate-
dithionite may help to hold aluminwm in solution, If solutions of aluminum salts are added to
the extracting solutjon, aluminum pyrophosphate precipitates and no aluminum in solution is
detected. Very little aluminum is extracted from gibbsite.

The amount of pyrophosphate-dithionite Soluble carbon, iron, and aluminum and its ratio to
clay permits the distinction between most spodic amd other horizons that lack significant
amounts of amorphous materials

Other limits of the spodic horizon -

The amount of amorphous material in spodic horizons varies widely. It seems essential to
set some lower limit for thickness of the horizon and its content of precipitated material.
Spodic horizons below the plow layer should contain a subhordizon that is at least 1 om thick and
that contains at least 1 percent extractable organic carbon, iron, and aluminum (expressed on an
elemental basis,not as oxides).

3 Usually, the loss of CEC upon heating to 240° C. for 16 hours exceeds 25 percent for spodic
horizons and is less then 25 percent for many other kinds of soil horizons (see Table A). This
‘eriterion would yield a satisfactory separation except for some very weakly developed horizons
that have only traces of amorphous material,and cambiec horizons with amorphous clays.,
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The 1limit of 1 percent for extractable carbon, iron, and aluminum is waived, however if the moist
value of the spodic horizon is 3 or less, the moist hue is 7.5YR or redder and is as red or redder than
the underlying horizon. These colors indicate that coatings of humus and other amorphous materials on
the sand and silt are more or leas continuous,

A horizon is not a spodic horizen if it is so thin, so near the surface, and so weakly expressed
that plowing a few times to a depth of 6 or 7 inches obliterates all traces. A horizon that could be
or has been incorporated in a 6- or 7-inch plow layer may be considered spedie if there are no underlying
diagnostic horizons other than a fragipan with or without an intervening albie horizen and the following
limits are satisfied:

a, at least 3 percent organic matter (1.7 percent carbon) in the plow layer;

b, & moist color value of less than 3 and a hue redder than 10YR, or a chroma of 3 or more;
¢. fragments of smorphous coatings or pelleta; :
d. no underlying diagnostic horizon other than a fragipan or an albic horizon, or both,

The fact that a spedic horizon iz continuous on one side of a fence or property line is not evidence
that the Ap horizon on the other side of the fence includes a spodic horizon. If the land use pattern
has been stable for some scores of years, a spodic horizon may have formed in the noncultivated soil under
its present vegetation or, due to liming or other management practices, the Ap horizon may have lost most
of the properties of a spodic horizon,

Summary of the Limits of the Spodic Horizon

1. If there is an albic horizon thicker than 18 cm (7 inches) or there is an intermittent albic horizon
below an Ap a spodie horizon has:

2. Enough amorphous material that

L/ percent extractable C + Fe + Al > 0,15
percent clay -

b. A thickness of 1 cm or more, either as a contimious horizon or as a sum of lamellae within
1 m (LO inches);

¢. Extractable g/ carbon + iren + alumimum 2 1.0 percent, or moist color hues are 7.5YR or
redder and moist values of 3 or less in some continuous part of the horizon or in any one
subhorizon that is at Jeast 1 em thick and hues are as red or redder than the underlying horizon.

2. If an O, an Ap, or an Al rests on the spodic horizon, the spodic horizon has the raquiremerits of 1.
above, and in addition has:

8. A 15-bar water content of less than 20 percent;

b. Less than 60 percent of vitric volcanic agh, pumice and other pyroclastic materisls in the
20 to 200 micron fraction;

c. Enough depth that the horizon is not obliterated by plowing to 18 em (7 inches) or enough
degree of expression that the horizen after mixing to 18 cm (7 inches) meets the criteria
listed under 3.

3. If an Ap is present and is not underlain by a diagncstic subsurface horizen othapr than a fragipan,
with or withecut an albic horizon, the Ap is considered a spodic horizon if it has the following properties:

a. Contains more than 3 percent organic matter (1.7 percent organic carbon);

b. L/ percent extractable C + Fe + Al > 0.20:
percent clay ’

c. Fragments of amorphous coatings or pellets can be clearly identified;

d. The hue is redder than 10YR and the moist color value less than 3, or the chroma is 3 or more
in hues of 10YR or redder;

@. A 15-bar water content of less than 20 percent;

f. Less than 60 percent of vitrie voleanie ash, pumiece and other pyroclastic materials in the 20
to 200 micron fraction. :

A/ Elemental weight percent by pyrophosphate-dithionite extraction.
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Soil seriesl/
and suborder

Camradan
Orthod

Paxton
Orthod

.~ Potsdam

Orthod

Windsor
Urthod

leon
Aquod

"Antwerp"
Humod

"Kanto"
Andept

Walimea
Andept.

Nipe
Oxizol

Hayesville
Udult

Diablo
Xerert

Stockbridge
Ochrept

Brinkerton
Agqualr

TABLE A.

Horizon

Spodic
Spodic
Spodic
Spodic
Spodic
Spgdic
Umbric
epipedon

Mollice

Oxlie

Argillic

Mollic
epipedon

Cambic

Argillic

Change in cation exchange capacity and loss of C, Fe, and Al on

various treatments of selected diagnustic horizons

15-
bar
[{20
19.2
12.9
7.8
3.9
1.9
8.3
50.0
59.2

2.8

19.4

8.0

17.2

Clayﬁ/

percent carbong/

22.2

6.9

4.7

2.8

1.7

1.1

k2.8

Org.

6.65

S.79

1.13

3.h6
7.5

3.21
1.33

.38

pryl/ 240°c

neé§§60 g/

76.2a
1,8.1a
12.9a
6.5a
10.9

19.ha

57.9a

104.7a
17.1
6.8
Lo.9

8.9

25,2

9.8

6.9

3'5
L1.s

94.5b

16.1
8.7

38.2
6.2

?1.0

3/ Soil series nsmes are uncorrelated field nsmes subject to change.
neighborhood of samples.

g/ Hexametaphosphate-pipette determination.

¥ Walkley-Black or Allison (SSSAP 2L:36, 1960).

2/ Air dry unless otherwise noted.

a. Field Mcist

b. 200° C.

;7 Based on weight of untreated sample dried at 110° ¢.

é/ Pct. pyrephosphate-dithionite extracted (one treatment), pH 7.3.

Z/Fbrcent C + Fe + Al (elemental weight percent by pyrophosphate-dithionite

CE € Fe Al -
Changs  Extracted 6/
on Heat- Pet.
ing Pet.

67 L.00 2.67 1.00

-80 L.38 1.h8 1.k42

27 .51 1.09 .69

-28 27 W6 .37

=37 92 .02 ,i2

-B2 2.51 .30 .24

~28 2.16 2.13 1.55

-9 1.57 2.49 .93

-6 I b.76 .95

+28 .22 2,12 LS

~1 63 .37 L0

-8 a7 .98 .20

-16 .39 2,18 (30

C + Fo + AIZ/
ct. Clay

0.35

1.06

.16

2.77

11

.07

"Antwerp" and "Kanto" indicate

extraction).
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THE CAMBIC HORIZON

The cambic horizon is an altered horizon having texture finer than loamy fine sand., The alteration
of the cambic horizon is produced by movement of the soil particles by frost, rootz, and animals to such
extent as to destroy mosgt of the original rock structure including fine stratification of silt, clay, and
very fine sand in alluvial or lacustrine deposits, by aggregation of the soil particles inte peds, and
in addition by (1) hydrolysis of some of the primery minerals to form clays and liberate sesquioxides, or
{2) solution and redistribution or removal of some carbonates, or (3) oxidation, reduction and segregation,
or removal of free oxides.

The cambic horizon has lost sesquioxides or bases, Including carbonates, or both through leaching,
Gains may have occurred in organic matter and water, but the alteration of the camblc horizon is not the
result of additions of mineral substances.

The cambic horizon may be at the surface if there is no Al horizon. Otherwise, it is immediately be-
low one of the diagnostic epipedons., It iz comsicered a part of the solum and occurs within the zone nor-
mally reached by the roots of native plants. Thus, it normally lies in the position of a B horizon, and by
many it is considered to be a B horizon. Its bage mist be at least 25 cm (10 inchea) below the surface.

Below many argillic and spodic horizons there is a transition to the C in which there has been weather-
ing and alteration. The alteratiom of this transitional horizon may be comparable to that of a cambic ho-
rizon. Yet, because there is an overlying argillic or spodic horizon, a transitional horizon of this kind
i3 not considered a cambic horizon, Rather, it is considered a transition to the C horizon. This distinc-
tion, which may seem very fine, 1s primsrily ome of position in the profile; the cambic horizon occupies
the position of a B horizon, between the A and C, and not the position of a transition between a spodic or
argillic hortizon and the C. |

Similarly, there may be transitional horizons (A3 and Bl), between the A and an argillic horizon, that
have properties of a cambic horizon. Such horizons are not considered part of a cambic horizon if they
rest directly on the argillic horizom, but they are considered transitional horizons, Nevertheless, a
cambic horizon may be recognized in the same profile as an argillic horizon or a spodic horizon if the two
are separated by snother diagnostic horizon discussed later, the albic horizon, or if the argillic horizon
is a buried horizon. Thus we see that position and alteratfon without illuviatim are important character-
istics of the cambic horizom,

Identification of the cambic horizon

The cambic horizon may have one of several somewhat contrasting forms, but each of these grades at
times imperceptibly into the others, The genetic significance of the cambic horizon varies somewhat with
the kind of soil, It consistently carries the implication of a subsurface horizon that has been altered
without mineral sccumulation, The degree of alteration may vary, but some weatherable minerals” are pre=
sent. One could define the several kinds of cambic horizons and give them distinctive names, but the lim-
its of the transitional forms would be difficult to understsand. The possible benefits do not seem to jus-
tify the complicstion that would have to be introduced if one tried to distinguish clearly between the
transitional forms, Nevertheless, it is important to understand that cambic horizons vary in appearance
and in genetic significance, We should look at the typical forms that the cambic horizon may have under
varying combinations of the soil-forming factors,

1. Cambie horizons may form in the presence of fluctuating ground water. If ground water is
pregsent in the horizon at all times, the colors will usually be neutral, or will be shades of green
or blue. These golors are excluded from the cambic horizon on the assumption that losses are negligible
in the presence of a permanent ground water., If ground water fluctuates, the free iron is generally
removed from the individual particles of sand, silt, and clay. Thim iron is either lost from the
horizon or concentrated in the form of concretions or mottles. Gray or grayish and brownish mottled
horizons are produced by fluctuating ground water. However, mottling alone is not an evidence of
sufficient alteration for identification of a cambic horizon. The processes of reduction, or of reduction
and segregation, of the iron mist have been intense emough to produce a horizon dominated by low chromas.
The horizon must have an upper boundarythat is shallower than S0 cm (20 inches), or it mugt immediately
underlie an umbric or mollic epipedon, It must have dominant moist colors on ped faces, if peda are present,
or in the matrix if peds are absent, as follows:

a, If there is mottling, chromas are 2 or less.

b. If there is no mottling and values are less than li, chromas are less than 1; if
valueg arae ) or more, chromas are 1 or less.

c¢. Hues no bluer than 10Y if the hue changes on exposure to air. ## (Hueg that do not
change on exposure are not disgnoatic).

*Weathering may be either chemical or physical. Kaolinite books of silt or sand size can be reduced
to ¢lay size and in this gense are weatherable, Feldspars can be sltered chemically and are therefore
weatherable,

+# Color changes on exposure are ordinarily visible within a few minutes., Simply expose a molst
tlod briefly and then bresk the clod to compare the interlor and exterior colora.
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Weathering may have affected the easily weatherable minerals. The weathering may have removed lattice
iron or have formed secondary clay minerals, but weathering has not progressed to the point where virtually
the only minerals present are clay-sized kaolin minerals, free sesquioxides, snd quartz and other forms of

510,, Soil 37, p. 119, does not have a cambic horizon because it has the green and blue hues that indicate
a permanent ground water. But soil 38, p. 120, has a cambic horizon formed with a fluctuating ground water.

2. Tn the absence of gkound water and of carbonates, cambic horizons in soils of humid regions nore
mally have brownish colore; the chroma, because of liberation of free iron oxides, commonly 1& stromger or
the hue redder in the cambic horizon than in the C. Feldspar minerals, and such easily wesatherable miner~
als as glass, biotite, some pyroxenes, and some amphiboles, are commonly partly westhered, Mica, if it is
present, is usually at least partly weathered to 2:1 lattice elay. These minerals and kaolin books of silt
size have not been completely destroyed in the cambic horizon. The hydrated oxide of iron removed from
primary minerals may have formed coatings on individual soil particles and is conmidered to be responsible
for the color of the horizon if it is brown or red. The free .iron/elay ratio is virtually constant among
gubhorizons of these cambic horizons, in contrast to those formed in the presence of ground water.

Because considerable time is required for the partial destruction of iron~bearing minerals or the for-
mation of clay, the cambic horizon has had time to develop blocklike or prismatic structure, but such
structure may be lacking i{f the clay content is so low that there 18 no volume change with changes in soil
molsture.

Since illuviation is negligible, the peds lack distinctive coatings and generally are weakly developed,
Preferred alignment of plate-shaped particles parallel to the ped face can be demonstrated in thin sections
{fig. 9, p. 42) on many smooth ped facea.

The microfabric (fig. 9) of this form of the cambic horizen often resembles that of the argillic hori-
zon in having random orientation of individual particles and 1ittle pore space in the matrix, It differs
from an argillic horizon in lacking, in all subhorizons, clay skins that are of distinctly finer material
than the matrix. Under crossed polarizers, the brightness of the interference color (birefringence) on the
faces of peds in a cambic horizon indicates a preferred orientation of particles, Although the ped faces
show evidence of preferrved aligmment of plate-shaped particles, they differ from clay skins in that the
particles are less perfectly arranged and are similar or identical to the ped interiors in particle-size
distribution., The cambic horizon may have an occasional clay skin, but evidences of clay illuviation are
not adequate for recognition of an argillic horizonm.

Table 14 contains selected data on three profiles that have cambic horizons. 1In profile 24, the
cambic horizon overlies a lower sequum containing an eluvial horizon and a fragipan. The profile descrip-
tien, profile No. 24, i8 on page 89. It will be noted that the cambic horizon, from 2 to 16 inches, con-
tains more free irom but less total iron and leas "lattice" iron than the underlying horizoms., Lattice
iron is not an entirely correct name, for it includes magnetite, Clay mineral analyses show some weathering
of micas and chlorite to vermiculite, The cambic horizon in this profile has appreciably more clay than the
overlying A2 or the underlying eluvial horizom, A'2, It could therefore be confused with an argillic hori-
zon, This is an extreme example. More commonly the cambic horizon either has less clay or has at the most
2 or 3 percent more clay than the A. There are, however, no evidences of significant clay illuviation in
profile 24, Clay skins are so few and so thin that they are not seen by field examinetion, Thin sections
show the presence of & very few very small clay skins in pores. The total analyses indicate the clay has
been largely formed in place, for the B is intermedifate in its silica-seaquioxide ratio between the A and
€. Both spodic and argillic horizons (table 13) have the minimum silica-sesquioxide ratio, on the basis of
the fraction less than 2 mm. for the profiles in which they occur. Distinctions between spodic and camble
heedzons that comtain active amorphous materials are discuased upnder the spoedic horizon.

Profile 33 is a soil with a mollic epipedon above the cambic horizon, The data suggest the beginning
of an argiliic horizon, from 9 to 15 inches, in the mollic epipedon, The cambic horizom, from 15 to 34
inches, shows no evidence of being am illuvial horizon, but does show evidences of formation of clay, as
the clay content decreases steadily with depth.

Profile 34 is a soil with an ochric epipedon and a cambic horizon. The cambic horizon, from 2 to 13
inches, shows loss of both iron and aluminum, but no evidence of illuviation.

All these profiles, 24, 33, and 34, have significant amounts of weatherable minerals in the silt and
sand fractions, Evidence may be seen in the appreciable contents of K20 in all profiles, and the Ca0 in
profiles 24 and 33, .

3, The cambic horizon that foxms in humid climates from highly calcarecus materials may ghow a granular
or crumb structure produced by soll fauna, Earthworms, in particular, are often active in temperate and
warm climates in mixing msterial from different horizons. Consequently, the soil is often calcareous
throvghout, even though there has been 8 considerable loss of carbonates, In calcareous materials, evi~
dences of weathering of feldspars and other silicate minerals may be slight or absent. There is evidence
of the loss of carbonates either in the form of limestone ghosts or solution pitting of limestone pebbles,
or the carbonate content gradually increases with depth. In addition, the clay content usually shows a
gradual decrease with depth. .
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L. In arid and semiarid climates the cambic horizon commonly has still another form. Carbonates are
usually but not always present, but the activities of soil fauna, except in areas with Cicadidae, are of
less significance to soil structure. Volume changes accompanying seasonal chenges in moisture usually
produce & prismatic structure, sometimes with very coarse prisma. In the deserts, the tops of the prisms
may lie only a very few centimeters below a platy surface horizon. Other things being equal, it appears
that the drier the soil, the closer to the surface one finds the prisms. Rock structure, including fine
stratificationy of sediments, is lacking, primarily because the materials have been moved by roota and
animals. The cambic horizon normally has additional evidences of alteration. Carbonates hava been re-
distributed and partly or completely removed, as evidenced by solution pitting of limestone pebbles, and
by the presence of an underlying horizon containing ruch larger amounts of carbonates that the soil
morphology shows have been.reprecipitated in the soil. Carbonates that are in transit through the cambic
horizon may be reprecipitated there, particularly on the undersides of stones, in pores, on ped faces,
and in other places as well, The horizon is not necessarily free of carbonates that the soil morphology
shows have been precipitated in place. However, the tops of pebbles in the cambic horizon should not be
completely coated with lime,

If carbonates are absent in the parent material and in the dust that falls on the goil, there may be
no secondsry carbonates in the soil. In this situation the cambic horizon must often be identified by the
80il structure, combined with the absence of rock structure evidenced by fine stratifications. The clay
content should decrease with depth in the cambic horizon, but the parent materials are so commonly strati-
fied that one cannot be sure that clay has been formed in the soil,

Features common to cambic horizons

In spite of the diversity in appearance of cambic horizona, there are some cormon features,

Coasu t t npnpiy shil? d dl o p - otb
* 0z Qbo,neht
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The oxic horizon is an altered subsurface horizon at least 30 em (12 inches) thick consisting of a
mixture of hydrated oxides of iren or aluminum, or both, often amorphous, and varlable amounts of 1:1
lattice clayx and accessory highly insoluble minerals such as quartz sand. Its fine-earth fraction haa
1ittle or no 2:1 lattice clay or primary minerals thai can weather to release bases, jiren or aluminum,
For each 100 grams of clay that it containe, the fine esrth holds 10 meq or less of cations from

N 'NHhCI solution and has a catlon-exchange capacity by NH)OAc of 15 meq or less. The oxic horizon has
a lower exchange capacity or smaller amounts of minerals that can weather physically or chemically
than the cambic horizon. It differs from the argilllc horizon in having few or no clsy skins and in
having either a gradual or diffuse increase in clay content with depth, or no increase. Its upper

boundary is set at the least depth at which there is no water-dispersible clay. For diagnestic purposes,
its lower boundary is usually set at a depth of 2 meters. These properties and limits are dizcussed
later in more detail.

Genegis

Geomorphologic evidence shows that oxic horizons are generally in seils -of very old stable geomorphic
surfacesa, old in the sense that they are more apt to be mid-Pleistocene or earlier then lazte- or
post-Plelstocene. They are not in soils of recent surfaces with thin regolith.

If quartz or ironstone pebbles are present, stone lines In or under the oxic horizon are normal.
Stone lines are so common that one must consider it probable that oxic horlizons are mainly in very old
transported sediments. Quartz velns can be traced from deep laysrs through cambic or arglillic horizons,

but the authors hsve not yet seen them in oxlc horizons. It should be noted, however, that quartz veins
are very rare in Hawail and Puerto Rico where we have studied oxic horizons most.

Whatever the materiels, the great age of the oxic horizon has allowed time for mixing by animals
and plsnt roots so that it retains almost no vestige of the original rock structure either as fine strati-
fications or saprolite. One exceptlon only 1s found to thig; If iron oxides or glbbsite coat and cement

fragments of weathered rock, the original rock structure may be retained in the interior of the cemented
parts but not in the fine earth.

Psgudomorphs of olivine tend to peraist but are not considered indi-
cators of lack of weathering,

The age of the oxie horizons is suech that minerals weatherable in warm humid climates are absent
.or are present only in traces.

There is, therefore, no reserve of bases beyond those in the exchange
fraction and in plant tissue.

Oxic horizons are seldom found outajde tropical or subtropicsl climates, amd there thay are malnly
at elevations below 1,500 to 2,000 maters, However, within that zone their distribution is largely
indepandent of rainfall, suggesting that many formed under much higher rainfall than they recelve today.

Most of the soils with oxic horizons are nearly level or have ralatively gentle slopes; relief is
conmmonly only a few tens of meters. They occur mostly on old high-level surfaces, high terraces, and
pediments. The geomorphic position is one in which weathered sediments could have been deposited. It
is not one in which recent unweathered sediments could gccumlate, nor is it one that would receive

ground water that has moved laterally from an area where fresh rock is weathering.

Significance to soil classification

The oxic horizon iz congsidered important to soll classification. Although much remains to be
learned ahout lis genetic significance, it is important that weathering has been so extreme that virtually
the only remaining minerals are quarts, zircon, and similar highly “insoluble primary minerals, hydrated
iren and aluminum oxidea, and 1:1 lattice clay minarals. Yet there is little or no evidence that clay
is moving in the soil.. This suggeats a high order of stability or immobllity of the c¢lay fractlon.
S5tability 1s further suggested by the absence of water-dispersible clay in all oxic horizons that have a
net negative charge as well as by the great resistance to erosion.

There are few or no primary minerals that release bases on weathering.
Idmits the supply of bases held at exchange sites. Other nmutrients, such as phosphorus, are often in
forms not availsble to plants. In humid regions, the nmutrients essentisl for plant growth often are
largely in the living and dead tissue of plants and can be lost if the plant cover is burned and not
allowed to regenerate. Calcium can be so low as to be a bsrrier to root growth, particularly of anmal

"plants, Thus, goils with oxic horizoma have unique management requirsments that stem from the low activity
:f ;:e clay, high permeablility, low erodibility, extrems weathering, and low reserve of bases in the oxic
orizon. -

The low activity of the clay







3C
Chapter 5

micas. Colors may be rather uniform in some saprolites from acidic rocks, but the materdials have
obviously been altered in place without appreclsble disruption of the fabric. Saprolite may underlie
an oxic horizon but ghould constitute no more than about 5 percent by volume of the oxic horizon. The
presence of more than S percent by volume of saprolite within 2 meters commonly marks the lower boundary
of the oxic horizon. Similarly, send-size kaolin crystals or "books" thaet smear betwsen the fingers
into micalike flakes of sand size should be rare or absent in any aubhorizon of the oxic horizon because
they too are remnants of original rock structure. Pseudemorphs of olivine, mentioned earlier, may be
prasent. '

" Color iz not diagnostic. Oxie horlzons may have varying shades of gray, brown, and red, or there
may be mixtures of these colora in medium or coarse patterns of mottles.

The percentage of clay 1ln an oxlc horizon can increase, decrease, or remain constant with depth.

Horizons of different texture can have clear boundaries if separated by a stone line. Otherwise, changes
in the parcentage of elay with depth are gradual. If there are clay skins in pores and on peds aomewﬁere

within the soil, the relative clay" incresse within a vertical distance of 12 inchea (30 em) is less
than that required for the argillic horizon. Particularly, the oxic horizon has no clear boundary with
an overlylng horizon that contains distinctly less clay throughout. Such a boundary is one of the marks
of argillic horizong, and if it is present, one should look carefully for clay skine. Clay skins may
be present only at depths of more than a meter where roots are scarce, but if they occupy more than 1
percent of the volume of any subhorizon, they indicate the presence of an argillic horizon?, Clay skins

may be present in oxic horizons, but they should be very few and be restricted mainly to pores. Pressures

from swelling may produce peds with smooth reflective faces in oxic horizona. If the texture is fine,
these faces resemble clay skins. Laboratory study of such faces and of clay skins can help one learn
to distinguish batween them in the field (sea Argillic Horizon).

In the laboratory

Identification of an oxie horizon in the laboratory usually requires ons or more of the following
measurements: (1) percentage of weatherable minerals in the sand fraction, (2) particle-size distri-
bution or water held at 15-bars tension, or both, (3) base retention from 1IN NH),C1 solution, or in
noncalcarecus soils, the sum of extractsble bases and KCl-extractable alumimum, (L) exchange capacity at
pH 7 (by NHjOAe), (5) percentage (by volume) of clay skins identifiable in thin sections, (6) percentage
of clay dispersible in water, and (7) identification of clay minerals.

Petrographic axaminat.ion. Feldspar, glass, and ferromagnesian minerals showld constitute less than
3 percent of the Iraction between Eg ané gbo microns. Mica (miacovite) may constitute as much as 6
percent of this fraction.

Particle-gize distribution. A reliable estimate of the amount of clay-in an oxic horizon is -
essential for esiimating the cation-exchange capacity of the clay. Particle~size distribution iz usually
determined by the pipette method using sodium hexametaphosphate as a disparsing agent and reciprocal or
end-over-end shaking., But some oxic horizons have silt- and ssnd-size aggregates of clay that do not
digperse but coniribute to the exchange capseity. An independent measure of clay content is therefore
necessary, and the water retained at 15 bars affords such an estimate. The ratio, percent 15-bar water,

o percent clay
does not exceed ©.5 if the clay disperses. Ratios of 0. are moat common in oxic horizons. If there
‘is appreciable cementstion, removal of free sesquioxides by citrate-dithionite permits reasonably
conplete dispersion. In limited trials using samples that had ratios of 15-bar water to clay of 0.7 '
and 0.9 respectively, the ratlo was reduced to 0.5 by treating as total clay the sum of the materdal
extracted by citrate-dithionite and the clay that dispersed after the citrate-dithionite treatment. In
general, the value of 2.5 x 15-bar water seems to give the best estimate of the clay percentage in
horizons having a pH-dependent cation-exchange capacity low enough to exclude the possibility of an
appreciable amorphous component (allophane) in the clay fraction. We use the higher of the two methods,
either 2.5 x 15-bar water or the clay parcentage measured by pipette.-

1clay by the pipette method.

2We should note that clay sking &re commonly abundant in saprolite below an oxic horizon, but their
preaence in the seprolite 1z not a mark of an argillic horizon.

3Pipette mathod without citrate-dithionite extraction., Data on particle-size distribution after
citrate-dithionite extraction are too few at present to make the method useful for classifying soils.
When and if more data are accumlated, the limits on cation-exchange capscity per 100 grams clay may
need to be re-sxamined.

pitue










Table C.
Soil Horizon
Pooku Oxic
(Hawaii)
Delicias c2
(P. R.) Saprolite
Catalina Oxic
(P. R.)
Haiku Argillic’
(Hawaii)

10

Cialitos- Argillic
1ike
(P. R.)
Limones Argillie
(P. R.)
Waihuna Cambiclo
(Hawaii)
Astoris  Cambic®®
(Oregon)
Honakaa Cambic9
(Hawaii)
Quillayute Cembic®
(oregon)
1

2NHhOAc—extractab1e baxes.
JpH adjusted with NH,,OH;

IN KCl-extractable.

L1N wH,C1 junbut sered.

1.6

.2

1.2

2.0

3

.2

5.1

1.6

1N NH,

Chapter 5

(Nd, no data; - none detected)

Organic Clay
carbon

Percent

81.8

L7.4

h1.6
nd,

18.1

cl.

15-bar

water

36.0

26.5

32.3

38.1

3ka

22.6

324

29.7

135

23.8

Extractable
cations

Al++sl  Tote1?

bases
meq/100 g soil

0.2 0.2
- 3.3

2 2.0
0.k 1.3
8.1 2,1
k.3 1.1
- 20.3
32.8 1.L
- 0.7
1.3 1.2

SNHhOAc—extractable bages plus 1IN KCl-extractable aluminum.

6Extractable bases plus extractable acidity.

TWhichever of these values is higher but not to exceed 100.

8Dispersion quite incomplate.

9Containa soms allophane.

1°Contains some 2:1 lattice clay.
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Salected characterization data for oxiec, argillic, and cambic horizons

Cation-exchange capacity of clay

w013 NEC1d perm.” WH,OAC  Sun®

charge
pH 7 unadj.
meq/100 g clay or 2.5 x 15-bar H207
nd, 0.7 0.h 5.2 nd.
5.0 L.8 5.0 6.9 16.5
9.5 6.2 [ 10.7  2L.0

nd. 6.8 1.8 16.3 nd.

22.4 15.3 12.0 23.3 35.8

12.7 9.9 9.6 1.9 2.5

nd. 26,5 25.k  27.6 nd.
548 LS. 461 nmd. 6h.S
nd. 7.7 0.7 23.0 -

38.5  13.4 h.2 nd. Sh.l
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Chapter §
CALCIC HORIZON

The letter designation ¢a is used to indicate accumulations of calecium carbonate or of calcium and
magnesium carbonstes. The accurmlations may be in the C horizon, but they may also be found in a variety
of the horizons such as mollic epipedons, argillic and natric horizons, and duripans,

The calecic horizon includes horizons of secondary carbonate enrichment that are more than 15 cm
(6 inches) thick, have a calcium carbonate equivalent content of more than 15 percent, and have at least
5 percent more calcium carbonate equivalent than the C. If no C is present, and a caleic horizon is not
indurated, it is more than 15 em (6 inches) thick, has a caleium carbonate equivalent content of more than
15 percent, and containa more than 5 percent, by volume, of identifiable secondary carbonates in concre-
tions or soft powdery forms. If a caleic horizon is indurated and rests on hard rock, or in more precise
words has a lithic contact, the calcic horizon may be as thin as 2.5 em (1 inch) if the product of the
thickness in em, multiplied by the percentsge of calcium carbonate equivalent, is 200 or more (if thick-
ness in inches is used, the product is 80 or more). .

It is difficult to distinguish caleie horizons in soils from highly calcareous parent materials.
Limestones are formed by precipitation of calcium carbonate or caleium and magnesium carbonates just as
sre ca horizons. A modern ca horizon formed on limestone is difficult to identify st present, for the only
tool We can use is the measurement of the radioactive carbon (ClL). The measurement is expensive and can
be used on relatively few soils. The most useful diagnostic feature for recognition of the caleic horizon
in such situations is the presence of a surface layer that consists of fine laminae, or powdery or laminar
pendants below limestone fragments. If the percentage, by volume, of powdery redeposited lime exceeds
5 percent in a layer more than 6 inches thick, or there is a laminar coating that is 2.5 em (1 inch) or
more thick, the horizon should be considered a caleic horizon. -

Commonly, calcic horizons have developed in unconsclidated materials of more or less mixed mineralogic
composition. 1In these the secondary lime is generally easy to recognize, for it occurs as a white powdery
filling, as concretlons, as pseudo mycelia, as pendants or crusts below pebbles and stones, or as thin
sheets at lithologic discontinuities where there are bresks in the sizes of the pores. If, in such
situstions, the carbonate content of a layer 6 inches or more thick exceeds 15 percent by weight, and the
layer has at least 5 percent more calcium carbonate equivalent than the next underlying layer, the
horizon is considered a calecic horizon. Such horizons are generally thickest in gravels, other things
being equal.

The genetie implications of a calcic horizon are variable, In desert regions, if the parent materials
contain considerable amounts of calcium, the very limited rainfall seems unable to remove lime completely
from even the surface few inches of the soil. About the only significant horizon that can develop in
such a s0il is a calcic horizon. Soil 59, page 162, illustrates such a situation. In areas transitional
from the desert to the steppes, an Al horizon, or mollic epipedon, may develop in addition to the calcic
horizon. Apparently, no other horizons ordinarily develop. Such soils are the arid and semiarid
equivalents of the Rendolls ( Rendzines) of humid regions. Given a parent material that is rich in
carbonates or given regular additions of carbonates in dust, the calcic horizon tends in time to become
plugged with carbonates and cemented into a hard, massive, continuous horizon that we call
the petrocaleic horizon. Such horizons seem to be restricted to surfaces older than the late Pleistocene.
The younger seils seem to have caleic horizons in which the lime is soft and disseminated, or has
accumilated in hard concretions or both., The petrocaleic horizon is 2 mark of advanced soil evolution.
The non-cemented calcic horizon is a mark of relatively recent development (Soil 59, page 102) or a
scarcity of carbonates.

. In soils that have, near the surface, ground waters that contain appreciable amounts of calcium
bicarbonate, the capillary rise and evaporation, plus transpiration, cause precipitation of large amounts
of lime. Depending on the height of the capillary fringe, the deposition of lime may take place in the
very surface, or in the soil at depths of a foot or two. In such soils, the accumulation of lime is
comparable to the accumulation of more soluble salts in the desert playas. One might think of such soils
ag the humid equivalents of the Sslorthids (Solonchaks). Soil 1, page 66, is a soil with such a calele
horizon.

In the situation just discussed, one might attach a high genetic significance to a calcic horizon.
In some other circumstances, however, one can attach no genetic significance to a caleic horizon. De=-
position from ground water at depths of 10 feet or more is more nearly a geologicthan a pedologic process.
In soils formed from calcareous materials on the steppes, the amount of accumulation of lime may be
extremely erratic, and, in fact, may vary from one foot to the next, One might consider the pressence or
absence of a ca horizon to be significant at some categoric level, but one might not be concerned at any
categoric level with the absolute amount of accummlation that makes the distinction between a ca and a
caleie horizon. Soil 3, page 68, is typical of a soil in which there is a caleie horizon of no apparent
genetic or other significance. The mollic epipedon and the argillic horizon are significant to the
classification of this soil. The presence of a ca horizon is also significant, but the absolute amount
of lime in the ca horizon has no known significance.




35

Chapter &
THE DURIFPAN

The duripan ig a subsurface horizon that is cemented by silica, usually opal or microcrystalline
formg of ailica, to the point that fragments from the air-dry horizon will not slake in water or acid.
The duripans vary in the degree of cementation by silica, and in addition, often contain accesgory
cementa, chlefly iron oxides and calcium carbonates. As a consequence, the duripans vary in appearance.
They grade into the petrocalcic horlzons of semiarid and arid climates, into the fragipans of mmid
climates, and into noncemented earthy materials.

The (enesis

Durlpans occur primarily in soils of subhumld Mediterranean or arid climates--solls that are
usually dry or that are seasonally dry. They have an environment in which goluble =ilica might be
expacted to be washed dowm into but not out of the soil.

The parent materials normally contain small amounts of calcium. Where calcium is abundant,
calcic horizona tend to supplant the duripans. The most strongly expressed cementation is commonly
in solls that contain appreciable amounts of glass in the overlying horizons, which suggests the
importance of soluble silica to the genesig. )

If glass is lacking in the overlying horizona, there is reagon to suspect that it waa
once in the soil. GCeographically, the duripans are restricted to areas of vulcanism. Ash showers
may be continuing, or the soils may be in sediments worked from reglons rich in pyroclastic materials
such ag tuffs and ignimbrites. Glass tends to weather rapidly, and if it 4s rich in bases, can
liberate soluble silicates at a rapid rate. N

Appearance of the Duripan in Arid Climates

The strongly cemented duripans of arid climates are usually platy, and the plates are roughly
1 to 15 em thick. Peres, and the surfaces of the plates, are coated with opal and some birefringent
material that is probably a microcrystalline form of silica. Carbonatea are often present in small
to large amounts. Roots can often be found between the plates, The cementation can be destroysd by
first soaking in acid to remove any carbonates, and then by soaking in concentrated alkali. If a
calecareous laminar layer similar to that of the petrocaleic horizon is present, cementation in at
lesst half of the laminar layer is not destroyed by soaking in acid; tut it 1s completely destroyed
by concentrated alkali either as a single treatment or by alternating treatments with acid. Ueually
the presence of a contimious thin opal capping that ias insoluble in acid on the laminar layer
indicates enough ailica cementation teo satisfy this requirement. If no laminar layer is present and
the horizon isx cemented and satisfies eriteria of the calcic horizon, it is a duripan if at least a
continuous subhorizon within the horizon does not slake in acid. Usually, a nearly continuous layer
of secondary silica occurs in this part of the horigon.

The forms transitional to regolith in arid climates are massive and brittle when wet. Silica
laminar caps and silica coatings on plates may not be present. In order for the horizon to be a
duripan there must be at least a few vertical opal coatings, or durinodes must make up at least 20
percent (by volume) of the horizon. In addition opal or other forms of silica partly fills inter~
stices, and bridges sand-sized mineral grains. Molstened specimen of this form of the duripan usually
show & dull glassy luster when viewed under a hand lens. These forms of ths duripan are very firm
or extremely firm when moist, but can be penetrated with some difficulty with an auger. Under
irrigation such horizons are slowly permeable to water and virtually impenetrable to roots of many
plants.

Appearance of the Duripan in Mediterranean Climates

In the forms transitional to regolith, the duripans are only weakly cemented. When the pan is
moist, brittleness is pronounced, but with gome difficulty, it can be penetrated by an auger. When
dry, the pan is very hard. Permeability is slow. In Mediterranean climates, the pan has an abrupt
upper boundary and is usually broken into very coarse prisms, or polygons, roughly 1/3 to 3 or more
meters in diameter. Coatings of opal partially line the faces of the prisms and many of the poras,
Roots are scarce or absent in the prisms but may be matted on the gurface of the pan snd on the sides
of the prisma. The prisms may have been formed by volume changes that result from wetting and drying.
This is suggested by the absence of priams in the duripans of arid regions.

The more strongly cemented pans of Mediterranean climates have opal coatings over the itcpa of the_
polygona as well a8 the gides, and the coatings are thicker. Water often standa temporarily on top of
the pans during the rainy season. Coatings of iron, manganese, and oriented clay often may be observed
on these pans. Subsequeni deposits of opal could engulf such coatings, and give rise to a cementation
that can be broken down only by repeated alternate use of solutions of concentrated ‘acid and alkali.
Figure 37, p. 212, shows a thin section of the upper 2.5 cm of such a pan. Carbonates may be found
above or in any part of the pan, or they may be completely absent, all of which indicates that carbonates
are not an essential part of the pans. Figure 18, p. 55, shows a& fragment of a duripan that is partially
cemented with lime, but the dark surface crust is probsbly cpal, iron, and manganese.
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Loamy very fine sand
Very fine sandy loam
511t loam

Loam

511t

6d. Fing-silty:

With more than 18 percent clay but less than 35 percent clay, and less than 15 percent
coarser than very fine sand (including coarse fragments up to 7.5 cm):

Vary fine sandy loam

S5ilt loam
841ty clay loam
Loam
Clay loam
7. CLAYEY':
7a. Fing:

With more than 35 percent clay but less than 60 percent clay:

Clay loam

Silty clay loam
Clay

Silty clay
Sandy clay

Tb. Very fine:
With more than 60 percent clay.

1 These terms refer to texture of fine earth fraction (less than 2mm) in applicable horizons
that have less than 35 percent coarse fragments, by volume.

Particle-slze classes, as defined, are not applied to fragipans, duripana, or petrocalcic
horizons but are applied to the following horizons or to the materials that are between given arbitrary
depth limits that constitute the control section:

a. lithic subgroups and shallow scils: particle-aize classes are applied from the surface dowm
to a lithic or paralithic contact, fragipan, duripan, or petrocalcic horizon, if any of these
come within a depth of 36 em (1h inches) or less or to 36 cm if the soil temperature is 0*C
or less within this depth about 2 months after the summer solstice;

b. other Entisols, Inceptisols, Spodosols, Oxisols, great groups witheut argilliec or natrie
horizens in Aridisels and Mollisols, and great groups with fragipans in or above argillic
horizons in Alfisols and Ultisols:

(1) from a depth of 25 em (10 inches) down to & lithic or paralithic contact, fragipan,
duripan, or petrocalciec horizon, if any of these is ghallower than 1 m (4O inches), or to
a depth of 25 cm (10 inches) below the level at which the aoil temperature is 0°C about

2 months after the summer solstice, whichever is shallower;

(2) from a depth of 25 em (10 inchas) to a depth of 1 m (LO inches) if the regolith is
thicker than 1 m (LO inches) but the named diagnostie horizons and subjacent Cca horizons
are not, or if the named diagnostic horizons extend below 1'm (LO inches).

‘¢, Other soils in Alfisols and Ultisols and great groups in Aridiscls and Mollisols that have
argillic or natric horizona:

(1) 4f there are no strongly contrasting textures or fragipan, duripan, or petrocaleic
horizon between the top of the argillic or natric horizon and 1 m (LO inches), particle-size
clagses are applied to the whole argillic or natric horizon if less than 50 cm (20 inches)
thick or to the upper 50 em (20 inches) of the argillic or netric horizon if it is more

than 50 em (20 inches), andj

(2) 1if there are horizons or layers with strongly contrasting textures within or below

the argillic or natric horizon and within 4O inches, particle-size classes are applied from
the top of the argillic or natric horizon to LO inchea or to a 1lithic or parslithic contact,
duripan, fragipan, or petrocalcic horizon, whichever is shallower.

(3) 4if there is a fragipan, duripan, or petrocalcic horizon below an argillic or natric
horizon, particle-size classes are spplied from the top of the argillie horizon to the top
of the fragipan, duripan, or petrocalcic horizon or to the upper 50 em (20 inches) of the
argillie or natric horizon, whichever of these is the least.
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GUIDE FOR TEXTURAL CLASSIFICATION IN SOIL FAMILIES

clayey
(very fine)

— ——
clayey
(fine)
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fine loamy fine
%
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coarse loamy -
sandy
* Very fine sand (0.05 ~ 0.1) is treated as silt for family g'roupir!gs:
coarse fragments are considered the equivalenl of coarse sand in
the boundary between the silty and loamy classes.
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Thixotropy cont.

literature of soils of western United States, particularly of Hawaii, the consistence term "smeary" ;
is used to characterize soil materials that are thixotropic. £

Soils in which more than 1/3 of the elay fraction consists of carbonates are also placed on
the bagis of their apparent texture. If the apparent texture is fine-loamy, fine-silty, or clayey
the term fine-carbonatic is used in place of the textural class name,. ' N

Two particle-zize classes are used to separate families in Vertisols, fine if theres is leas ;
than 60 percent c¢lay and very fine if there is more than 60 percent clay in the weighted average of !
the control sectionm. :

2. Mineralogy: Mineralogy classes are based on the approximate mineralogical composition of

gelected size Irac%%ona of the same segment of the soil profile (control section) that is used for 1
application of particle-size classes. No contrasting mineralogy families are recognized except where ;
there i= an ash or cinder overlay or an upper thlxotiropic layer and the ash or cinders or thixotropie

layer extend at least 10 cm into the upper control section. In ldentifying and naming contrasting i
mineralogy families the 7 family particle-size classes are used for the lowar part of the section. 3
For example, ashy over loamy mixed, not ashy over coarse-loamy mixed. Otherwlse, 1f there are i
contrasting particle-size classes in the control section the minaeralogy of the upper part of the :
control section is definitive of the family mineralogy. {

Mineral soils are placed in the first mineralogz class of the Key that accomodates them j
although they may appear to meet the requirements of other mineralogy classes. This is a Key, not a |
set of complete definitions. Mineralogy subclasses based on combined texture, consistence, and i
mineralogy classes are used to indicate important variations in Andaquepts, Andepts, and Andic )
subgroups.

‘ It is recognized that it is normally impossible to be certain of the percentages of the various i
kinds of c¢lay minerals. Quantitative identification methods are still lacking. Although much progress :
has been made in the past few decades, an element of judgment enters into the estimation. Not .all of i
the evidence must come from X-ray, surface, and DTA determinations. Other physical and chemical .
properties suggest the mineralogy of many clayey soils. Volume changes, cation exchange capacities ;
and consistence algo are useful in estimating the nature of the clay. Determination of the clay
mineralogy of clayey soils is based on the weighted average of the control section.

3. Reaction classes: Two classes, acid and nonacid, will be used in selected taxa, with
definitions as follows: i

a. Acid: pH less than 5.5 in Hy0 (1:1) in control section (throughout).

b. Nomaeid: pH 5.5 or more in at least some part of the control section.
Reaction classes are not to be used in sandy, sandy skeletal or fragmental families, but are to be used
in other families in the following taxa:

Entisols Humaquepts ;
Haplaquepts Andaquepts i
i

Thus, we have the following combinations reflecting the pH in the centrol section, and the
pregence or absence of carbonates, in all parts of the fine earth between 25 and 50 cm (10-20 inches) :
below the surface. ) i

Psarmenta and Pgammaquents No reaction classes. ;
Other Entisols and Aquepts, Acid, nonacid, and calcareous
except Fragiaquepts classes. (Nots that "calcareous"

implies "nonacid", and that both
names are not needed for calcareous
families.)

Aquolls Calcareocus and noncalcareous classes.
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Chapter 6
KEY TO MINEROLOGY CLASSES
Definition

Classes applied to loamy, silty, and clayey soils.

Ferritic
Gibbaitic

Oxidle

Fine-carbonatic

Serpentinitic

More than LO percent (weight) iron oxide extractable by citrate-
dithionite, reported as Fep03 (or 28 percent reported as Fe).

More than LO percent (weight) hydrated aluminum oxides reported
as gibbsite and boehmite.
Leas than 90 percent quartz and less than LO percent of any
other single mineral and the ratio of

% extractable iron oxide and gibbsite 3 ¢ 0

% clay 1/

More than 1/3 of the < 0.002 mm fraction consists of carbonates
and the apparent texture of the soil is fine-loamy or fine-
gilty or clayey. Particle size classes are not used with this
mineralogy.

More than LO percent (weight) serpentine minerals (antigorite,
chrysotile, fibrolite and talc). )

Classes applied to sandy, silty, and loamy soils,

Glauconitic
Carbonatic

Gypseic

Ashy

Cindery
Micaceous
Siliceous

Mixed

More than 4O percent (weight) of glauconite.

More than 0 percent (weight) carbonates (as CaC03) and
gypsum, and carbonates are more than 65 percent of the sum
of carbonates and gypsum.

Oypsum is more than 35 percent of the sum of carbonates and
gypsum, and carbonates and gypsum are more than L0 percent
by weight.

More than 60 percent (waight 3/) voleanic ash, cinders or
pumice, and dominantly smaller than 2 mm.

Cindery if dominantly larger than 2 mm.
More than LO percent (weight 3/) mica.

More than 90 percent (welght g/) of gilica minerals (quartz,
chalcedony, opal) and other minerals with hardness of 7 or
more in the Mohs scale.

A1l others, with less than LO percent of any one mineral
othar than quartz.

Clagses applied to clayey soils,

Halloysitie

Kaolinitic

Montmorillonitic

11litie

Vermiculitic

Mixed

More than half by weight of halloysite with smaller amounts
of allophane or kaolinite or both.

More than half by weight of kaolinite, dickite and nacrite,
and with smaller amounts of other 1l:1 or nonexpanding 2:1
layer minerals or gibbsite.

More than half by weight of montmorillonite =nd nontronite,
or a mixture with more montmorillonite than any other
single clay mineral.

More than half by weight of illite (hydrous mica) commonly
with = 3 percent K»0.

More than half by weight of vermiculite or more vermiculite
than any other singla c¢lay mineral.

Other soils

1/ Or 2.5 x 15-bar water whichever is larger.
g/ Weight percentages as estimated from grain counts; usually, a count of one or two dominant
size fractions of conventional mechanical analysis is sufficient for the placement of the soil.

¥ineralogy subclassges

L3

Determinant
size fraction

Whole s0il < 2 mm

Whole soll < 2 mm

For iron and clay ratio:
whole soil « 2 mm

For quartz & other min-
erals: 0,002 - 2 mm

< 0.002 mm

Whole so0il < 2 mm

Whole soil < 2 mm

Whole soil smaller than
2 mm, or whole soil
gmaller than 20 mm

Whole soil smaller than
2 mm, or whole soil
smaller than 20 mm
0.02 - 20 mm

0.02 -.20.mm
0.02 - 20 mm
0.02 « 2 mm

< 0.002 mm
< 0.002 mm

< 0.002 mm

< 0.002 mm
< 0,002 mm

< 0.002 mm

Mineralogy subclasses are ussd in addition to mineralogy classes in some groups of soils.

Sulfureous
(Tentative)

Calcareous

# Sepiolitie,

Soils containing either iron sulfates, commonly jarosite (straw-
colored), if the pH after oxidation is less than 3.5; or more

Whole soil « 2 mm

than 0.75 percent sulfur in the form of polysulfides if the soil Histosols and Aquents
contains leas than three times as much carbonats (as CaC03 equiv.)only

as sulfur (less than Ca++ than S0= if all sulfur is oxidized).

Continuous presence of free carbonates in all parts of the fine
earth fraction between depth of 25 c¢cm and 50 em (10 and 20 inch
inches). (Use in Aquepts other than Fragiaquepts, in Aquolls,
and in Entisols other than Psamments and Psammaquents.)

Whole soil < 2 mm

mora than half by weight of seplolite, attapulgite and palygorskite, should be

used if found in soils that are not fine-carbonatic.
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Chapter 6

Qther characteristics--Cont.

(2) Many calcic horizons are weakly cemented or aven indurated. The petrocslcic horizon
is expected to meet most if not all of the needs for recognition of cementation in
these horizons. No cemented taxa are to be used in the family category.

d. Moisture equivalent: Desplte the emphasis given texture in the classification, there is remaining
variability in the sandy soils, the sands, and the loamy sands. Some sands are very clean, almost
completely free of silt and clay. Others have apprecisble amounta. A moisture equivalent value
of 2 percent seems to make a reasonable division of the sands that is appropriate at the family
level, Two classes are to be recognized as follows in Quartzipsamments:

(1) coated: With a moisture equivalent of 2 percent or more
(2) vuncoated: With a moisture equivalent of < 2 percent,

With additional study it is hoped that it will be possible to develop definitions
that can be applied in the fleld. The moisture equivalent value used is the average
of the control section, weighted for thickness. Moisture retained at one-tenth bar
suction may be substituted for moisture equivalent.

6. Slope, or shape of soil: Soils of aquic great groups normally have level plane, or concave sur-
faces, in places where the ground water saturates the soil during asome season of the year. A
few, however, are found on the sides of slopes where water cannot stand, and are kept wet by more
or less continuous seepage of water from higher lying aress. In a very few, hydrostatic pressures
keep the solls wet. No consistent internsl morphologic clues have yet been found that distinguish
these situations, but the recognition in the field from the poaition of the soil in the landscape
is generally easy. It is proposed therefore in aquic great groups, particularly in Aquells and
Aquults, to use the shape of the soil as a family differentia., Classes of level and sloping seem
adequate, with these defined as they are in the Soil Survey Mamual. It may be necessary to use
slope clasgses in other orders, but they should not be uUsed in famllies of Aquods or Albaqualfs.

FAMILY NAMES

Each family will require one or more names. One family name consists of a series of adjectives mod-
ifying the subgroup name. For these adjectives we take the class names given for texture, mineralogy, and
8o on, in famlly differentlse. To have consistent nomenclature, the order of adjectivea is the texture,
mineralogy c¢lass and subclass, reaction, temperature, parmeability, depth, slope, consistence, and coatings.

The other family name iz the name of one of the serles in the family. This name is underscored in the
lists of series in each family. This is a shorter name intended primarily for use in conversations. This
short name is most useful if the series 1z a common one that iz well known in the locality. It may develop
that some families will acquire several such names in different parts of the country, according to the
series in the family that iz best known locally,

CONTROL SECTION FOR SOIL SERIES

Primary attention at the series level im given to a control section. Many classes of soil within
higher categories of the system have already been set apart on the basis of s0il characteristics both
within and withoutthis control section. For the control section, attention is centered on genetic horizons
1f they are well expressed and not thin, If the genetic horizons are not well expressed or are thin,
attention is centered on a corresponding portion of the regolith. Differences in soil or regolith outside
the control section and not differentiae in categories higher than the series but relevant to the usefulness
of the aoils are bases for phase distinctions. .

Whether or not there are well expressed genetic horizons, the portion of the soil to be considared
in differentliating series within a family of mineral soils is as follows:

Crylc soils. From the mineral surface to a depth of 30 inches, or to a lithic or paralithic
contact, or to a depth 10 inches below the level at which the soil temperature
is 0"C about two months after the summer golstice, whichever is shallowsr.

Very shallow soils. From the mineral surface down to a lithic or paralithic contact if thickness
of regolith is 1l inches or leas,

All other mineral soils. (Orders 1 through 9). From & depth of 10 inches down to (1) a lithic
contact if it is within a depth of L0 inches, (2) a depth of LO inches if the
regolith iz thicker than that but the named diagnostic horizons and subjacent Cca
horizonz are not, or (3) the bottom of the named diagnoatic horizons and any
subjacent Cca horizon if the thickness of both the named diagnostic horizons and
the regolith exceeds LO inches (about one meter), but not below a depth of 80
inches (roughly 2 meters)™ (Note that caleic and gypsic horizona and duripans

-are diagnogstic only if their upper boundaries ‘are within 1 meter. Salic horizons
are diagnostic if they start within 30 inches (or 75 cm) of the moil surface).

* A lower depth of 2 meters is tentative. The depth for the control section in grossarenic
subgroups is still under discussion at the time of this printing.




CHAPTER 7
KEY TO ORDERS, SUBORDERS, AND GREAT Groups®

A. Mineral soils without a lithic or paralithic contact within 50 em (20 inches) of the soil surface
that have: .

1. After the upper 18 cm (7 inches) are mixed, 30 percent or more clay in all horizons
down to a lithic or a paralithic contact, or to a calcic horizon, or tc 1 m (LO inches),
whichever is shallower;

2. At some period in moat years, cracks at least 1 cm wide at a depth of 50 em (20 inches);
3. One or more of the following:
a. Gilgai;
b, At soms depth between 25 cm and 1 m (10 and LO inches), slickensides close
enough to Intersect;
c. At some depth between 25 cm and 1 m (10 and LO inches), wedge-shaped or parallelepiped

natural structural aggregates with their long axes tilted 10 to 60 degrees from
horizontal.

ORDER 2 - Vartisols, p. 86
AA. Vertisols that are usually dry in all parts and have cracks that remain open throughout
the year in most years. If inundated, the cracks may close for variable periods; if
cultivated, the cracks may extend upwards only to the lower boundary of the Ap horizon.
Torrerts, p. 86

AB. Other Vertisols that have cracks that remain open for 90 cumlative days or more
but not throughout the year in most years, and one or more of the following:

1. Cracks that open and close more than once during the year in most years;
2. A mean annual soil temperature of 22°C (72°F) or more;

3. Mean surmer and mean winter soil temperatures at 50 cm (20 inches) differ by
less than 5*C (9°*F).

Usterts, p. 87

ABA. Usterts that have moist chromas of less than 1.5 throughout the upper 30 em (12 inches). -

Pellusterts, p. 87
ABB.  Other Usterts.
Chromisterts, p. 87

AC. Other Vertisols that have cracks that open and close once sach year and remain open for
60 consecutive days or more during the year in more than 7 out of 10 years.

Yorerts, p. 88
ACA. JXersrts that have moist chromas of less than 1,5 throughout the upper 30 em (12 inches).
Pelloxererts, p. 88

ACB. Other Xererts.
Chromoxererts, p. 88

AD. Other Verilsols that are usually moist in some part during most ysars and have cracks that open
and close one or more times during the year but do not remain open for as msny as 90 cumlative
days; in a few years the soils may not crack.

Uderts, p. 84
‘ADA., Uderts that have moist chrémas of less than 1.5 throughout the upper 30 em (12 inches).

. Pelluderts, p. 86
ADB. Other Uderts,

Chromiderts, p. 86
* Throughout the Key, unless specified otherwise, it is assumed that the Solls are under natural
conditions, that is, not irrigated and not artificially drained. The indicated moisture status refers
to the peried of the year when the soil is not frozen in any part. For example, if a soil is frozen
in some part for 90 days, then the soil will be usually moist if it is moist in some part (but not
necessarily the game part) between 18 cm and 50 em(7 and 20 inches) depth for more than one-half of
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B. Other mineral soils that have no disgnostic horizon other than an ochric or an anthropic epipedon,
an albic or an agric horizon, with or without any of the following:

1. A salic horizon, except that if the soil ia saturated within 1 m (LO inches) for 1 month
or more, and has not been irrigated, the upper boundary of the salic horizon must be
75 em (30 inchea) or more below the surface.

2. If textures are finer than loamy fine sand, sodium saturation may exceed 15 percent in some
part of the upper 50 cm (20 inches) only if sodium saturation increases or remains constant
with depth below 50 cm (20 inches) and the soil is saturated with water within 1 m (LO inches)
of the surface for 1 month or more when not frozen in any part;

3. A calcic or gypsic horizon or duripan if its upper boundary is deeper than 1 m (LO inches)
below the surface;

4. Plinthite that forms a continuous phase if the upper boundary is deeper than 1.25 m (50
inches) below the surface;

S. Buried diagnostic horizons other than & buried ochric epipedon if the surface of the buried
solum is deeper than 50 em (20 inches) or is at depths between 30 and 50 cm (12 and 20 inches)
and the thickness of the buried solum is less than twice the thickness of the overlying deposita;

6. Ironstone at any depth;

7. If textures are coarser than loamy very fine sand to a depth of 1 m (4O inches), plinthite
in the form of discrete nodules or disconnected, soft, red mottles if it constitutes less than
half of the volume in all subhorizons.

ORDER 1 - Entisols, p. 70

BA, Intisols that are either 1. permanently saturated with water and have dominant hues in all
horizons below 25 cm (10 inches) that are (1) bluer than 10Y and (2) that change on exposure
to the &ir; or 2. that are saturated with water at some pariod of the year or are artificlally
drained and That have, within 50 em (20 inchea) of the surface, dominant moist colers in the
matrix as follows:

1. In horizong with textures finer than loamy fine sand

a. If there is mottling, chromas are 2 or less
b. If there is no mottling and values are less than L, chromas are less than
1; if values are L or more, chromas are 1 or less

2. In horizons with textures of loamy fine sand or coarser

a. If hues are as red or redder than 10YR and there is mottling, chromas are 2 or
less; if there is no mottling and values are less than L, chromas are less than
1 or if values are L or more, chromas are 1 or less;

b, If hues are between 10YR and 10Y and there is distinct or prominent mottling,
chromas are 3 or less; if there is no mottling, chromas are 1 or less;

¢. Hues are bluer than 10Y;
d. Any color if the color is due to uncoated grains of sand.

Aquents, p. 70

BAA. Aquents that have an N value of more than 0.5 and at least 8 percent clay and
3 percent organic matter in all subhorizons between 20 and 50 cm (8 and 20 inches),
and maan anmual goll temperatures more than 0°C (32°F).

Hydraquents, p. 72

BAB. Other Aquents that have a mean anmual soil temperature of less than 8°C (L7°F) and
have a mean summer soil temperature at 50 em (20 inches) of less than 15°C (59°F)
if they are drained and lack an O horizon or are cultivated; or if they are drained
and have an O horizon, have a mean summer temperature at 50 cm (20 inches) of less
than 8°C (L7°F); or if they are undrained and have an 0 horizon, have a mean
summer temperature of less than 6°C (L3°F), :

Cryaguents, p. 70
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Other Aquents that have less than 5°C (9°F) difference betwsen the mean summer and
mean winter soil temperstures at 50 cm (20 inches).

Tropaguents, p. 72
Other Aquents that have textures of loamy fine sand or coarser in all horizons bslow

the Ap horizon or 25 em (10 inches), whichever is deeper, to a depth of 1 m (LO inches)
or to a lithic or paralithic contact, whichever is shallower, and have mean summer and

mean winter soil temperatures at 50 cm (20 inches) that differ by 5°C (9*F) or more.
Psammaquents, p. 72 -

Other Aquents.

Haplaquents, p. 71

Other Entisols that have below the Ap horizon or 25 em (10 inches), whichever is deeper
textures of loamy fine sand or coarser in all parts either to & depth of 1 wm (4O inchess

or to a8 1lithic or a paralithic contact, whichever is shallowsr; and that have no identifiable
fragments of diagnostic horizons without discernible order within the series control section.

BEA.

BEE.

BEC.

BEE.

EBF.

Psammenta, p. 82

Psamments that have a mean annual soil temperature of less than 8°C (L7*F) and a mean
surmer s0il temperature at 50 em (20 inches) or at a lithic or a paralithic contsct,
whichever is shallower, of either less than 15°C (59°F) if cultivated or without an
0 horizon, or less than 8°C (L7°F) if with an O horizon.

Cryopsammenta, p. 82

Other Psamments that have in the sand fraction more than 95 percent guartz, zirconm,
tourmaline, rutile, or other normally insoluble minerals that do not weather to
liberate iron or aluminum.

Quartzipsamments, p. 82

Other Psarments that are usually dry in most years in all parts of the soil between
18 em (7 inchea) and 50 em (20 inches) or a lithic or paralithie, whichever is
shallower, or in some subhorizon above a lithic or paralithic contact shallower
than 18 cm (7 inches). '

Torripgsmmants, p. 83

Other Psamments that are dry for 90 cwmlatlve days or more in most years in some
gubhorizon(s) between 18 em (7 inches) snd 50 cm (20 inches) or a lithic or a
paralithic contact, whichever is shallower, but are not contimuously dry in all
parts of the soil between these depths or in the subhorizon immedistely above a
lithic or psralithic contact ghallower than 18 cm for as long as 60 consecutive days
in more than 7 out of 10 years unless either the mean annual soil temperature is
22°C (72°F) or higher or the mean summer and mesn winter soil temperatures at

50 em (20 inches) differ by less than 5°C (5°F), or both.

Ustipsammenta, p. 8}
Other Psamments that are dry for 60 consecutive days or more in more than 7 out
of 10 years in all parts of the soil between 18 cm (7 inches), whichever is deeper,
and 50 cm (20 inches) or a lithiec or a paralithic contact, whichever is shallower,

or in the subhorizon immediately above a lithic or paralithic contact shallower
than 18 cm (7 inches).

Xercpsamments, p. 8k
Qthar Psammants,

Udipsamments, p. 83

Other Entisols that lack fragments of diagnostic horizons that can be identified and have
slopes of less than 25 percent and organic matter content that decreases irregularly with
depth or remains above levels of 0.35 percent (0.2 percent carbom) for 1.25 m (50 inches);

the msan anmual soil temperature is mere than 0*C (32°F). (Thin strata of sand or loamy sand

may have less organic matter if the finer sediments at 1.25 m (50 inchea) or below have 0.2
percent carbon or more.)

BCA.

Fluvents, p. 73

Fluvents that have a mean annual soil temperature of less than 8°C (L7*F) and a mean

summer soil temperature at a depth of 50 cm (20 inches) of either less than 15°C (59°F)
1# cultivated or without an O horizon, or less less than 8°T (L7'F) if with an O horizon.

Cryofluvents, p. 73
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CA. Inceptisols that either are saturated with water at some pericd of the yesr or artificially
drained, and that have, at depths of lesa than 50 cm (20 inches), characteristics associ-
ated with wetness, namely, one or more of the following:

1. A histic epipedon;

2. Sodium saturation of more than 15 percent in smome psrt of the upper 50 cm (20 inches)
that dacreases with depth below 50 cm (20 inchea);

3. Dominant moist colors on ped faces, or in the matrix if peds are absent, as
followa:

a., If there is mottling within the horizon, chromas are 2 or less;

b. If there is no mottling, chromas are 1 or less.*

Aguepts, p. 92

CAA. Aquepts that have & mean annual soil temperature of less than 8°C (4L7°F) and
have a mean summer soil temperature at 50 em (20 inches) or at a lithic or a
paralithic contact, whichever is shallower, of less than I5*C (S9°F) if they
are drained and either cultivated or lack an O horizon; of less than 8°C (L7°F)
if they are drained and have an O horizon or a histic epipedon; and less than
6*C (U3"F) if they are undrained and have an O horizon or a histic epipedon, N
values are 0.5 or less in some horizon between 20 and 50 cm (8 and 20 inches) or
the mean annual soil temperature is 0*C (32°F) or less.

Cryaquepts, p. 92

CAB. Other Aquepts that have plinthite that forms a contimuous phase or constitutes
more than half of the matrix within some subhorizon in the upper 1.25 m (50 inches)
of the soil.

Plinthaquepts, p. 97

CAC. Other Aquepts that have a bulk density of the fine earth fraction of the soil
of less than 0.85 g per cc in some horizon; no fragipan; and an exchange complex

that is dominated by amorphous materials; er vitric voleanie ash, cinders, or

other vitric pyroclagtic materials constitute 60 percent or more of the silt, sand,
and gravel fractions.

Andaquepts, p. 92

CAD., Other Aquepts that have less than 5*C (9*F) difference between the mean summer
and mean winter soll temperatures at 50 cm (20 inches), or at a lithic or parslithic
contact, whichever is shallower.

Tropaguepts, p. 97
CAE. Other Aquepts that have a fragipan.

Fragisquepts, p. 93

CAF. Other Aquepts that have sodium saturation that is more than 15 percent in some part
of the upper 50 cm (20 inches) and that decreages with depth below 50 em (20 inches).

Halagquepts, p. 94
CAG. Other Aquepts that have an umbric, a mollic, or a histie epipedon.

Humaquepts, p. %6
CAH., Other Aquepts that have an ochric epipedon.

Haplaquepts, p. gi

# If hues are redder than 10 YR because of red parent materiala that remain red after
citrate-dithionite extraction, the requirement for low chromas ie waived.
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Other Inceptisols that have a plaggen epipedoen.

Othe
1.

é. Have 60 percent or more of vitric voleanic ash,cinders,or other vitrie pyroclastic material

CCa.

CCB.
ccc.

CCD.

CCE.

CCF.

Plaggepts, p. 103
r Inceptisols that have one or both of:

A bulk density of the fine earth fraction of the soil of lesa than 0.85 g per cc in

the epipedon or the camblc horizon or both and an exchange complex that is dominated
by amorphous material;

in the sflt, sand, and gravel fractiona.

Andepts, p. 89

‘Andepts that have a mean ammual soil temperature of less than 8°C (L7*F) and a
mean summer soil temperature at 50 cm (20 inches) or at a lithic or paralithic
contact, whichever ia shallower, of less than 15°C (59°F) if cultivated or without
an O horizon, or of lesa than 8°C (L7*F) if with an O horizon.

Crysndepts, p. 90
Other Andepts that have a duripan within 1 m (kO inches) of the surface.

Durandepts, p. 90 _
Otiler Andepts that have clays that dehydrate irreversibly inteo gravel-size aggregates.
l;lzgrar_zdegta, ps 51
Other Andepts that have a mollic epipedon; and are thixotropic in some horizon or
the 15-bar water is 20 percent or more “Pased on the average for the whole m0il
in the control section.
Eutrandepts, p. 90
Other Andepts that have an umbric or ochric eplpedon; and are thixoiropic in some

horizon or the 15-bar water l& 20 percent or more “based on the whole soil in
the control section.

Dystrandepts, p. 90
Other Andepta.

Vitrandepts, p. 51

Other Inceptisols that have a mean annual soil temperature of 8°C (47*F) or more and have
less thanp 5°C (9*°F) difference between the mean summer and mean winter soil temperatures
at 50 em (20 inches) or at a lithic or a paralithic contact, whichever 1s shallower, and

of ¢

one
s

1.
2.

3-

An umbric epipedon;
A mollic eﬁipedon with one or both of the following:

a. 35 percent or more clay with montmorillonitic mineralogy, and the epipedon rests
on materials with less than LO percent CaCO3 equivalent;

b. a cambic horizon with base saturation that is less than 50 percent (by NHLOAc)
throughout or decreasing to less than 50 percent at & depth of 1.8m (72 inches).

An ochric eplpedon and a cambic horizon.
Tropepts, p. 103

CDA. Tropepts that have 50 percent or more base saturation (by NHhQAc)throughout the

epipedon and any cambic horizon, and either are dry in soms horizon for 90 cumulative
days or more in most years or have a horlzon containing soft, powdery secondary lime
within 1,5m(60 1nches¥uof the surface.

Ustropepts, p. 106
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Other Tropepts with 50 parcent or more base saturation (by NHhOAc) throughout
the epipedon and any cambic horizon.

Eutropepts, p. 104
Other Tropepts with a mean annual soil temperature of 22°C (72°F) or more.

Dystropepts, p. 10L
Other Tropepts.

Humitropepts, p. 105
Inceptisols that have one of the followlng characteristica:

1. If the mean anmal soil temperature is 8*C (L7°F) or more, either an umbric or
anthropic epipedon that is more than 25 cm (10 inches) thickK or a mollic epipedon
that is more than 25 cm (10 inchex) thick if it iz underlain by a cambic horizon
with base saturation of less than 50 percent (by NHhOAc) in some part;

2. If the mean annual soil temperature is less than 8°C (L7°F), either an umbric or
a mollie epipedon 1f the mollic epipedon is underlain by a cambic horizon that has
base saturation of less than 50 percent (by NHOAc) in some part.

CEA,

CEB,

CEC.

Cm'

CEE,

Other

CFA.

CFB.

Umbrepts, p. 107
Umbrepts that have an anthropic epipedon.

Anthrumbrepts, p. 107
Other Umbrepts that have a fragipan.

Fragiumbrepts, p. 108

Other Umbrepts that have a mean armual soil tempersture of less than 8°C (L47°F)
and have a mean sunmer soil temperature at 50 em (20 inches) or at a lithie or
paralithiec contact, whichever is shallower, of less than 15°C (59°F) if cultivated
or without an O herizon, or less than 8°C (47*°F) if with an O horizon.
Cryumbrepts, p. 107

Other Umbrepts that are never dry, or are not dry for as much ag 60 consecutive
days in more than 7 out of 10 years in all subhorizons between 18 em and 50 em

(7 and 20 inches) or a lithic or paralithic contaet, whichever igs shallower, or in
the subhorizon immediately above a lithie or paralithic contact shallower than

18 cm (7 inches).

Haplumbrepts, p. 108
Other Umbrepta.

Zerumbrepts, p. 109
Inceptisols,

Ochrepts, p. 98

Ochrepts that have a fragipan,

Fragiochrepts, p. 101
Other Ochrepts that have a duripan with its upper beundary within 1 m (4O inches)

~of the surfaca,

CFC,

Durochrepts, p. 98

Other Ochrepta that have a mean annusl soil temperature of less than 8°C (L7*F) and
8 mesn summer soil temperature at 50 em (20 inches) or at a lithic or paralithic
contact, whichever is shallower, of lesa than 15°C (59°F) if cultivated or without
an O horizon, or leas than 8°C (47°F) if with an O horizon.

Cryochrepts, p. 98
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CFD. Other Ochrapts that are dry for 90 cumilative days or more in moat years in soms
subhorizon(s) of the soil between 18 em and 50 em (7 and 20 inches) depth or above
a lithic or a paralithic contact shallower than 50 em (20 inches) but are not
continuously dry in all parta of the soll between these depths for as long as
60 consecutive days in more than 7 out of 10 years unless the mean annual soil
terperature is 22°C (72°F) or higher, or the mean summer and mean winter soil
temperatures at 50 cm depth differ by less than 5°C (9°F) or both,

Ustochrepts, p, 101

CFE. Other Ochrepts that are dry for 60 consecutive days or mere  in mopre than 7 out
of 10 years in a1l parts of ths soil between 18 cm and 50 em (7 and 20 inches) or
a lithic or a paralithic contact, whichever 1ls shallower, or in the subhorizon
irmmediately above a lithic or a paralithic contact shallower than 18 em (7 inches).

Xerochrggts, P 102
CFF. Other Ochrepta that have ene or both of:

1. Carbonates in the cambic horizoen or in the C horizon but within the soil;

2. Base saturation (by NHj,OAc) that is 60 percent or more in some subhorizon
that is within 75 cm (&0 inchea) of the soll surfaca, '

* Eutrochrepts, p. 100
CFG, Other Ochrepts.

Dystrochrepts, p. 99

Other mineral soils thet have an ochric epipedon tut have no oxic or spodic horizon and one or
more of the following combinations of properties: -

1.

3.

No argillic or matric horizon but within 1 m (LO inches) of the surface have one or more of the
following horizens: calcic, petrocalcic, gypsic, cambic, or duripan;

and either are usually dry between 18 cm and 50 cm (7 and 20 inches) depth or a lithic

or a parallthic contact, whichever is shallower or have a conductivity of the saturation
extract that 4s 2 mmho per cm or greater at 25°C In some part sbove whichever of the

following depths is least: a lithic or paralithic contact, 1.25'm (50 inches) if particle-
size clags 4is sandy, 90 cm (35 inches) if loamy, and 75 em (30 inches) if claysy; or

with increase in depth within the C horizon but above the depths for the.different particle~
size classes specified above thers is an increase In saturation with Na plus K in some part;

No argillic or natric horizon but have a salic horizon within 75 e¢m (30 inches) of the
surface and are saturated with water within 1 m (kO inches) of the surface for one month
or more; k

1 surface horizon that is not both hard and massive when dry; and argillie or natric horizon;
and ususlly dry in most years in sll parts of the soil batween 18 ¢m and 50 cm (7 and 20 inches)
or a lithic or a paralithic contact shallower than 50 cm (20 inches) or in some subhorizon above
a lithic or a paralithic contact shallower than 18 cm (7 inches).

ORDER L - Aridimols, p, 110

DA. Aridisols that lack an argillic or natric horizon unless it is & burled horizen.

Orthids, p. 115

DAA. Orthids that have a duripan with its upper boundary within 1 m (LO inches) of the
surface.

Durorthids, p. 118

DAB, Other Orthids that:

1. ‘Have a salic horizon within 75 em (30 inches) of the gurface if saturated with
water (i.e. within the capillary fringe) within 1 m (LO inches) of the surface
for 1 menth or more; and : .

2. Lack a calecic or gypsic horizon sbove the salic horizon.
Salorthids, p. 120

DAC. Other Orthids that have a petrocalecic horizon with ita uppei- boundary within 1 m
(40 inches) of the soil surface.

Paleorthids, p. 119
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Aquods that have a fragipan below the spodic horizon but that lack a placic
horlzoen above the fragipan.

Fraglaquods, p. 152

EAB. Other Aquods that have no placic horizon but have a mean annual soil temperature of

EAC.

EAE,

EAF.

EAG.

less than 8°C (47°F) and & mesn surmer soll temperature at 50 em (20 inches) or at
a 1lithic or a paralithic contact, whichever is shallower, of:

1. Less than 15°C (59°F) if they are drained and lack an 0 horizon;
2. Less than 8°C (47°F) if they are drained and have an O horizon;

3, Less than 6°C (L3*F) if they are undrained and have an O horizon or a
histic epipedon.

Cryaquods, p. 151
Other Aquods that have a strongly cemented or indurated albic horizon that will
not slake in water when a dry fragment is immersed.

Duraquods, p. 151

Other Aquods that have a placic horizon that rests on a spodic horizon, a fragipan,
or an albic horizon that is underlain by a fragipan, :

Placaquods, p. 153

Other Aquods that have a mean annual gsoil temperature of 8°C (L7°F) or higher and
mean summer and mean winter soil temperatures at 50 cm (20 inches) that differ by
leas than 5°C (9°F).

Tropaquods, p. 154
Other Aquods that have one or both of:

1, In more than 50 percent of each pedon, a spodic horizon with some subhorizon
that contains dispersed organic matter and slumimum and lacks sufficlent free iron to
turn redder on ignition (less than 0.5 percent in the fine earth fraction
expressed az Fe);

2. An Ap horizon that has a moist value of 3 or less end a molst chroma of 2 or
less and that rests directly on a spodic horizon having in its upper part
8 subhorizon or some tongues wlth one or both of:

&8, Dispersed organic matter and a moist value and moist chroma of 3 or less;
b. Lass than 0.7 percent free iron expressed as Fe.

Haplaquods, p. 152

Other Aqueods.
Sideraquods, p. 153

Other Spodosols that have one or both of:

1.

2.

In more than 50 percent of each pedon a spodic horizon with a subhorizon that contains
dispersed organic matter and aluminum and that lacks sufficient free iron to turn redder on
ignition (less than 0.5 percent in the fine earth fraction expressed as Fe);

An Ap horizon with a molst value of 3 or leas and a moist chroma of 2 or less and
reasts directly on a spodic horizon that has in its upper part a subhorizon or zome
tongues possessing one or both of: ’ :

a, Dispersed organic matier and a value and chroma of 3 or less when moist.y
b, Lass than 0.7 percent free iron expressed as Fe. :
Humods, p. 155
Humods that have a placic horizen in the spodic horizon.’
Placohumods, p. 156

EBB, Other Humods that have a mean annual soil temperature of 8°C (LT*F) or higher and

mean summer and mean winter soil temperatures at 50 cm (20 inches) or at a lithic
or paralithic contact, whichever is shallower, that differ by less than 5°C (9°F).

Tropohumods, p. 156 -
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EBC. Other Humods that have a fragipan below the spedic horizon.
Fragihumods, p. 15

ERD. Other Humods that have a mean annual soil temperature of less than 8°C (L47*F) and
a mean summer soil temperature at 50 em (20 inches) either less than 15°C (S9*F)
if cultivated or without an O horizon or less than 8°C (L7°F) if with an © horizon.

Cryohumods, p. 155

EBE. Other Humods.
Haplohumods, p. 155

EC. Other Spedosols that have a spodic horizon that has in some subhorizon a ratio of free
iron (elemental) to carbon of 6 or less.

Orthods, . 156

ECA. Orthods that have a placic horizon above or in the spedic horizon.
' Placorthods, p. 159
ECB., Other Orthods that have a fragipan below the spodic horizon.

Fragiorthods, p. 157

EGCC. Other Orthods that have a mean amnual soil temperature of less than 8°C (L7°F)
and a mean summer goil temperature at SO cm (20 inches) or at a lithic or a para-
lithic contact, whichever is shallower, of less than 15°C (59*F) if cultivated or
without an O horizon; or less than 8°C (47°F) if with an O horizon.

Cryorthods, p. 156
ECD. Other Orthods.

Haplorthods, p. 158
ED, Other Spodosola.

Ferrods, p. 154

Other mineral soils that have a mean annual soil temperature of 8°C (L7°F) or higherj;and if mean
summer and mean winter soil temperatures at 50 cm (20 inches) or at a lithic or paralithic
contact, whichever iz shallower, differ by 5*C (9°F) or more,have a mean summer soil temperature
at 50 em (20 inches) or at a lithic or a paralithic contact, whichever is ghallower, of 15°C
(59°F) or higher if without an O horizon or 8°C (47°F) or higher if with an 0 horizom; mo oxic
horizon unless it underlies an argillic horizon; no plinthite that forms a continuous phase
within 30 em (12 inches) of the soil surface; and ong of the following combinations of
characteristics:

1. No fragipan and bage saturation {by sum of cations) of less than 35 percent at 1,25 m
(50 inches) below the upper boundary of the argillic hordizon or 1.8 m (72 inches) balow
the soil surface or above a lithic or a paralithic contact, whichever is shallower;

2. A fragipan that:

8. Meets all of the requirements of an argillic horizon or that has clay skins 1 mm
or more thick in some part;

b. Hes base saturstion (by sum of cations) of less than 35 percent at a depth of 7% em
(30 inches) below the upper boundary of the fragipan.,

ORDER B - Ultisols, p. 184

FA. Ultisols, either saturated with water at gsome period or srtificislly drained, that have
characteristics associated with wetness, namely: mottles, iron-manganese coneretions
> 2 mm or has moist chromas of 2 or less immediately below any Ap or Al horizon that has
moist values of leas than 3.5 when rubbed, and one of the following:

1. Dominant moist chromas of 2 or less in coatings on the surface of peds accompanied by
mottles within the peds, or dominant chromas of 2 or less in the matrix of the argillic
horizon accompanied by mottles of higher chromas (if hues are redder than 10YR because

of parent materials that remain red after citrate-dithionite extraction, the require~
ment for low chromas iz waived);






FC.

FD.
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FBE. Other Ustults.
Hgplustults, p. 19]

Other Ultisols that:

1. Are dry for 60 consecutive daya or more in more than 7 out of 10 years in all parts
of the soil between 18 cm and 50 cm (7 and 20 inches) or & lithic or a paralithic
contact, whichever is ghallower;

2, Have 1less than 1.5 percent organic matter (0.87 percent carbon) in the upper
15 cm (6 inches) of the argillic horizon exclusive of any Ap;

3. Have leas than 20 kg organic matter in a unit volume of 1 m® to a depth of 1 m (LO inches)

below the base of any O horizon or the mineral surface.
Xerults, p. 196

FCA. ZXerults that have an argillic horlzon that has less than 10 percent weatherable
minerals in the 20 to 200 micron fraction in the upper 1 m (ﬁo inches) and has a
clay distribution such that the percentage of clay does not decrease from its
maximm amount by more than 20 percent of that maximum within 1.5 m (60 inches) of
the soil surface, or the layer in which the percentage of clay decrsases shows
gkeletans or other evidences of clay eluviation.

Palexerults, p. 197

FCB. Other Xerults.
Haploxerults, p. 197

Other Ultisols that elther:

1. Have 1.5 percent or more orgamic matter (0.87 percent carbon) in the upper 15 cm (6 inches)
of the argillic horizon;
2

2. Have 20 kg or more organic matter in a unit volume of 1 m® to a depth of 1 m (4O inches)
below the base of any O horizon or both.

Humlts, p. 186

FDA. Hummlts that have an argillic horizon that has less than 10 percent weatherable
minerals in the 20 to 200 micron fraction in the upper 1 m (LO inches) and has a
clay distribution such that the percentage of clay does not decresse from its maxi-
mum amount by more than 20 percent of that maximum within 1.5 m (60 inches) of the
goil surface, or the layer in which the percentage of clay decreases shows gkeletans

or other evidences of clay eluviatiocn.
Palelumlts, p. 187

FDB. Other humlts that have mean summer and mesn winter scil temperatures at 50 em
(20 inches) or at a lithic or a paralithic contact, whichever is shallower, that
differ by less than 5°C (9°F).

Tropolumults, p. 188

FDC. OQther Humlts.
Haplohwmults, p. 186

Other Ultigols.
Udults, p. 188
FEA. Udults that have a fragipan in or below the argillic horizon.

Fragiudults, p. 189

FEB., Other Udults that have plinthite that forms a continuous phase or constitutes more
th;? half of the volume in some horizon within the upper 1.25 m (50 inches) of the
soll. '

Plinthudulta, p. 192

FEC. Other Udults that have an argillic horizon that has less than 10 percent weatherable
minerals in the 20 to 200 micron fraction in the upper 1 m (L0 inches) and has a
clay digtribution such that the percentage of clay does not decrease from its maxi-
mun amount by more than 20 percent of that maximum within 1.5 m (60 inches) of
the soil surface, or the layer in which the percentage of clay decreases shows
skeletans or other evidences of clay eluviation.

Paleudults, p. 191
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C.

FED. Other Udults that have:
1. An epipedon with moist color values of leas than L in all parts;

2. An argillic horizoen with dry color values of less than 5 and no more than
1 unit higher than moist values.

Rhodudults, p. 192

FEE. Other Udults that have mean summer and mean winter soil temperatures at 50 em
(20 inches) or at a lithic or a paralithic contact, whichever is shallower, that
differ by less than 5°C (9'F).

Tropudults, p.193
FEF, Other Udults.

Hapludults, p, 190

Other mineral soils that lack an oxiec horizon and that either have a mollic*epipedon or have
a surface horizon that, after mixing to 18 cm (7 inches) meets all requirements for a mollic
epipedon except thickness and in addition have an upper subhorizon in an argillic or natrie
horizon that iz more than 7.5 cm (3 inches) thick, and that meets the color, organic matter,
base saturation, and structure requirements of a mollic epipedon, but that is separated from
the surface horizon by an albic horizon. (Note that the combined thicknesses meet the thick-
ness requirement for a mollic epipedon.)

ORDER 5 - Mollisols, p. 121

GA. Mollismols that have all of the following characteristics:
1. A mollic epipeden not more than S5O cm (20 inches) thick;
2. No argillic horizon;
3. No calcic horizon;
L. Material, including coarse fragments less than 7.5 cm (3 inches) in diameter, that

has more than LO percent calcium carbonate in or irmediately below the mollic epipedon.

Rendolls, p. 132
GB. Other Mollisols that hava:

1. An albic horizon immediately underlying the mollic epipedon, or that separates horizons

that together meet all of the requirements of a mollic epipadong
2. An argillic or natric horizon;

3. In the albic horizon and in the argillic or natric horizon, characteristics assoclated
with wetness, namaly: mottles, iron-manganese concretions larger than 2 mm, or both.

Albolls, p. 12)
" GBA. Albolls that have a natric horilzon.

Natralbolls, p. 122
GBB. Other Albolla.

Arglalbells, p. 121

GC. Other Mollisols, either saturated with water at some period during the year or artificially

drained, that have one or more of the following characterlstlics associated with wetness:

1. A histic epipedon;

2. Sodium saturation of more than 15 percent in the upper part of the mollic epipedon
&nd decreasing saturation with increasing depth below 50 cm (20 inches);

3. One of the following combinationa of moist colors, in and either immediately below
The mollic epipedon or within 75 em (30 inchea) of the surface if a calcic horizon
immediately underlies the mollie epipedon; '

a. If the lower part of the mollic apipedon has chromas of 1 or less there are
gither:

(1) Distinet or prominent mottles in the lower mollic epipedon; or

# At present we are grouping a few soils with Mollisolas that have epipedons meeting all

requirements for a mollic epipedon except color value. These soils have more than L percent

organic matter and more than LO psrcent finely divided calcium carbenate throughout the
epipedon. Some are grouped with Calelaquolls and some with Rendolls.
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(2) Colors immediately below the mollic epipedon or within 75 cm
{30 inches) of the surface if a csleic horizon intervenes, with one
of the following:

(a) Where hues are 10YR or redder and there are mottles, chromas are
lass than 1.5 on ped surfaces or in the matrix; where there are
no mottles, chromas are less than 1j

(b) Where the hue is nearest to 2.5Y and there are distinct or prominent
mottles, chromas are 2 or leas on ped surfaces or in the matrix; and
where there are no mottles, chromas are 1 or less;

(c) Where the nearest hue ia 5Y or yellower and there are distinet or
prominent mottles, chromas are 3 or less on ped surfaces or in the
matrix; and where there are no mottles, chromas are 1 or less;

(d) Hues are bluer than 10Y;
(e) The coler results from uncoated mineral grains;
b, If the lower part of the mollic epipedon hag chromas of more than 1 but not
exceeding 2, there are either:
(1) Distinct or prominent mottles in the lower mollic epipedon; or
(2) Base colors immediately below the mollic epipedon that have one or more of:

(a) Values of } and chromas of 2 accompanied by some mottles with values
of It or more and chromas of less than 2;

(b) Values of 5 or more and chromasg of 2 or less accompanied by mottles
with higher chroma;

(c¢) Values of L and chremas of less than 2.
L. A calcic horizon with its upper boundary within LO em (16 inches) of the surface.

Aquolls, p. 122

GCA. Aquolls that have & mean annual soil temperature of less than 8°C (47*F) and the
mean summer soil temperature at 50 cm (20 inches) or at a lithic or a paralithic
contact, whichever is shallower, is less than 15°C (59°F) if the soil is drained
and has no O horizon or histic epipedon; less than 8°C (L7°F) if drained and with an
0 horizon; and less than 6°C (L3*F) if the soil is undrsined and has an O horizon or

a histic epipedon.
Cryaquolls, p. 124
GCB. Other Aquolls that have a duripan within 1 m (4O inches) of the surface.

Duraquolls, p. 125
GCC. Other Aquells that have a natric horizon.
Natraquolls, p. 126

GCD. Other Aquolls that have & calcic horizon with its upper boundary within LO em
(16 inchea) of the surface, and lack an argillic horizon unleas it is & buried
horizon.

_ Calciaquolls, p. 12k
GCE. Other Aquolls that have an argillic horizon. -
Argiaguolls, p. 123

GCF. Other Aquolls.
Haplaggolla, P. 125

GD. Other Mollisols that have a mean annusl soll temperature of less than 8°C (47°F); and
either a moist chroma of 1.5 or less in the mollic epipedon to a depth of 15 em (& inches)
or mere or & mean summer goll temperature at 50 em {20 inches) or a lithic or paralithic
contact, whichever is shallower, of less than 15°C (59°F) if without an O horizon and less
than 8°C (L7°F) if with an 0 horizon. '

Borolls, p. 126

GDA. Borolls that have an argillic horizon with an upper boundary deeper than 60 cm ®
(2l inches) below the mineral surface and with textures finer than loamy fine sand
in all subhorizons above the argillic horizon. ’

Paleboreolls, p. 131
* If there 1z a surface mantle that has more than 60 percent vitric voleanlc ash, cinders or other

vitrie pyroclastic materials, the depth to the argillic horizon is measured from the bese of this
mantle rather than from the mineral surface.
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G3. Other Mollisols.

Udolls, p. 133

GGA. Udolls that have an arglllic horizon with a clay distribution such that the clay

gfaghgogogfcgggfgcgyagg Bje_{gegge ogrtglgtmximm clay content within 1.5 m (60 inches)

Hues are redder than 10YH with chromas of more than L dominant in the matrix
in at leaat the lower part of the argillic horizon;

2. There are msny coarse mottles that have hues redder than 7.5YR or chromas
of more than 5.

Paleudolls, p. 136
GGB, Other Udolls that have an arglllic horizon. :

Argiudolls, p. 134

GGC. Other Udolls that have a mollic epipedon that, below any Ap, is 50 percent or more
by volume of worm holes, worm casts, or filled animsl burrows and that either rests
on a lithic contact or has a transition to the underlying horizon in which 25 percent
or more of the material is discrete worm holes, worm casts, or filled animal
burprows from the mollic epipedon and the underlying horizon.

Vermudolls, p. 136
GGD. Other Udolls.

Hagludolla s D« 134

Other mineral soils that lack an oxic horizon unless it underlies an argillic horizon, and that
have ‘one ‘of the follewing combinations of properties:

1. Yo fragipan; an argillic or natric horizon; are usually moist in some part of the soil
between 18 em and 50 em(7 and 20 inches) unless the epipedon is both hard and massive when
dry; and base saturation (by sum of cations) is 35 percent or more at a depth of 1.25 m
(50 inches) below the top of the argillic horizon or at 1.8 m (72 inches) below the soil
surface or immediately above a lithic or a paralithic contact, whichever is shallowsr;

2. With a fragipan in or below the argillic horigzon or with oriented clay skins 1 mm or more
thick in soms part of the fragipen; and base saturation (by sum of cations) of 35 percent
or more at a depth of 75 cm (30 inches) below the upper boundary of the fragipan or
immadiately above a lithic or a paralithic contact, whichever is shallower.

ORDER 7 - Alfisols, p. 160

'HA, Alfisols, either saturated with water at some season or artificially drained, that have
characteristics associated with wetness, namely: mottles, iron-manganese concretions
larger than 2 mm, or chromas of 2 or less immediately below sny Ap horizen or below any
dark Al that has moist values of less than 3.5 when rubbed, and one of the following:

1. Dominant chromas of 2 * or less in coatings on the surface of peds accompanied by
mottles within the peds, or dominant chromas of 2 or less in the matrix of the
argillic horizon accompanied by mottles of higher chromas;

2. If there are no mottles in the argillic horlzon, chromas are 1l or less.
' Aqualfs, p. 160

HAA. Aqualfs that have a natrie horizon.

Katraqualfs, p. 162

HAB, Other Aqualfs that have a mean annual soil temperature of B8°C (L7*F) or higher
and mean summer and mean winter soil temperatures at 50 cm (20 inches) or above
a lithic or paralithic contact, whichever is shallower, that differ by less than
5*C (9°F). . .
Tropaqualfs, p. 163
HAC. Other Aqualfs that have a fragipan.

Fragiaqualfs, p. 161

HAD, Other Aqualfs that have an albic horizon tonguing into an argillic horizon and
that lack a duripan.

Glossaqualfs, p. 161

+ If tues are redder than 10YR because of red parent materials that remain red after
citrata-dithionite extraction, the requirement for low chromss is waived.
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QOther Xeralfas that have an argillic horizon that in &ll parts hag colors in hues
redder than S5YR and moist values of less than ki and dry values no more than 1 unit
higher than moist values, and that have no petrocaleic horizon within 1.5 m

(60 inchea) of the soil surface.

Rhodoxeralfs, p. 183

Other Xeralfs that have a petrocalele horizon with its upper boundary within 1.5 m
{60 inches) of the soil surface, or an argillie horizon with one or both:

1.

2.

A vertical elay distribution such that the clay doea not decrease by 20 percent
of the maximum clay content within 1.5 m (60 inches) of the soil surface, and
one or more of:

a. Huea redder than 10YR and chromas of more than L in the matrix;
b. Common coarse mottles with hues of 7.5YR or redder or chromas of more
than §;

A particle-size class that is clayey in the upper part and an incresse of at
least 20 percent clay (absolute) within a vertical distance of 7.5 ¢m (3 inches)
or 15 percent clay (absolute) withim 2.5 ecm (1 inch) at the upper boundary.

Palexeralfs, p. 182

«

Other Xeralfs.

Haploxeralfs, p. 180

Qther Alfisols,

HEA,

HEB,

Ec'

HED,

HEE.

Udalfs, p. 168

Udalfs that have an agric horizon,

Agrudalfs, p. 168

Other Udalfs that have a fragipan.

Fragiudalfs, p. 168

Other Udalfs that have a natriec horizon.

Nstrudalfs, p. 172

Other Udalfs that have mesn summer and mean winter soil temperatures at 50 cm
(20 inches) or a 1lithic or s paralithic contact, whichever is shallowar, that
differ by less than §*C (9°F).

Other Udalfs that have:

1.
2.

3.

Tropudalfs, p. 173

No continuous albic horizon sbove the argillie horizon;
A broken upper boundary of the argillic horizen;

Discrete nodules in the argillic horizon that range from 2.5 to § cm (1 to
2 inches) up to about 30 em (12 inches) in diameter; exteriors of nodules
are enriched and weakly cemented or indurated with iron and have redder hues
or stronger chromas than interiors of nodules.

Ferrudalfs, p. 168

HEF, Other Udelfs that have an irregular or broken upper boundary of the argillic horizen
with tongues of an albic or other eluvial horizon.

Glossudalfs, p. 169

HEG, Other Udalfs that have an argillic horizen with a clay distribution such that the
elay does not decrease by 20 percent of the maximm clay content within

1.5 m (60 inches) of the soil surface, and with ong or more of the following:

1.

2.
3.

Hues are redder than }OYR with chromas of more than , dominant in the matrix
in at least the lower part of the argillic horizon;
Hues are 2.5YR or redder and moist values are less than L and dry values are less
than 5 throughout the major part of the argillic horizon;
There are many coarse mottles that have hues redder than 7.SYR or chromas of more
than 5, or both,

Paleudalfs®, p, 172

*Great group nsmes and definitions are being proposed for criticism.
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0 Ustox.
ther Haplustox, p. 203

Othar Oxisols that:

1.
2.

3.
h.

IDA.

Ars always moist or have no paricd when the soll is dry in any horizon below the
surface 18 cm (7 inches) for 60 consecutive days or more in most years.

Have 20 kg or more organic carbon per m? to a depth of 1 m (LO inches), exclusive
of organic surface litter; ' )

Have bese saturation (by NH,0Ac) of less than 35 percent in the oxic horizon;
Have a mean anmual soll temperature of less than 22°C (72°F).

Humox, p. 199

Humox that have an oxic horizon with a subhorizon that is darker in color and
contains more organic carbon than the overlying subhorizon. :

Sombrihumox, p. 200

IDB. Other Humox that have within 1 m (LO inches) of the surface, cemented sheets or

IDD.

a subhorizon with 20 percent or more by volume of gravel-size aggregates that
contain 30 percent or more gibbaite.
. Gibbaihumox, p. 199

Other Humox that have in all subhorizons of the oxic horizon, a ecation reteation
capacity (from NH,C1l) of more than 1 meq per 100 g clay (or have more than 1 meq

of extractable bases plug extractable aluminum per 100 g of clay.

Haplohumox, p.200

Other Humox. :
Acrohumox, p. 199
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Other Oxisols that have no period when the soil is dry in any horizon below tha surface
18 cm (7 inches) for 60 consecutive days or more in most years and either:

1.
2.

IEA.

Have a mean annual soil temperature of 22°C (72°F) or more; or
Have less than 20 kg organic carbon per m€ within 1 m (LO inches).

Orthox, p. 206

Orthox that bave within 1.25 m (50 inches) of the surface sheets containing 30 per-

cent or more gibbsite or a subhorizon with 20 percent or more by volums of
gravel-size aggregates containing 30 percent or more gibbsite, .

Gibbslorthox, p. 201

IEB, Other Orthox that have:

1. In some gubhorizon of the oxic horizon, a cation retention capacity ot 1 meq or
less (from NH&CI) per 100 g of clay (or 1 meq or leas of extractable bagses plus

IEC.

IEE.

extractable aluminum per 100 g of clay);

2. No discernible structure in the oxic horizon or only very weak blocky or
prismatic peds.

Acrorthex, p. 200

Other Orthox that have no anthropic epipedon and have base saturation of 35 percent
or more (by NHhOAc) in the epipedon and in all subhorizons of the oxic horizon

to a depth of at least 1.25 m (50 inches).

Eutrorthox, p. 201

Other Orthox that have either an umbric epipedon or an ochric epipedon that has
more than 1 percent carbon in all subhorizons to 75 cm (30 inchesg
the top of the mineral surface.

Umbriorthox, p. 202
Other Orthox.
Haplorthox, p.201

or more below
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Typic Cryofluvents--Cont.

b.

C.

have no mottles with chromas of 2 or less within 50 cm (20 inches) of'

the

surface;

lack the following combination of characteristlcs:

(1)

(2)

(3)

cracke at some period in most years that are 1 cm or more wide at

at depth of SO cm (20 inches) that are at least 30 em (12 inches) long
in some part, and that extend upward to the surface or to the base of
an Ap horizon; and

a coefficlent of linear extensibility (COLE) of 0.09 or more in a
horizon or horizons at least 50 cm (20 inches) thick, and a potential
linear extensibility of 6 cm or more in the upper 1 m (LO inches) of
the 3oil or the whole soll if a lithic or parslithie contact is deeper
than 50 cm (20 inches) but shallower than 1 m (LO inches); and

more than 35 percent clay in horizons that total more than 50 em
(20 inches) in thickneas within the control saction.

Andic Cryofluvents. Cryofluvents like the Typic except for a.

Aquic Cryofluvents. Cryofluvents like the Typlc except for b,

Torrifluvents.

1.

2.

Fluvents that

are warmer than Cryofluvents;

are ususlly dry in most years in all parts of the goil between 18 and 50 cm
(7 and 20 inches).

Typic Torrifluvents. Torrifluvents that

-

C.

have no horizon within 1 m (LO inches) of the surface that is more than
15 cm (6 inches) thick that contains either at least 20 percent durinodes
in a nonbrittle matrix or is brittle and haa firm consistence when moist;

lack the following combination of characteristica:

(1)

(2)

(3)

cracks a8t some period in most yesrs that are 1 cm or more wide at a
depth of 50 em (20 inches), that are at least 30 cm (12 inches) long in
some part, and that extend upward to the surface or to the base of an
Ap horizon; and

a coefficient of linear extensibility (COLE) of 0,09 or more in a
horizon or horizons at least 50 cm (20 inches) thick, and a potentiel
linear extensibility of 6 c¢m or more in the upper 1 m (LO inches) of
the soil or the whole soll if a 1ithic or paralithic contact is deeper
than 50 em (20 inches) but shallower than 1 m (LO inches); and

more than 35 percent clay in horizons that total more than 50 em
(20 inches) in thickness within the control section;

have no prismatic or blocky structure with clay filma on peci faces that have
color values lowsr than in the matrix within I m (LO inches) of the soil
surface.

Durorthidic Torrifluvents. Torrifluvents like the Typie except for a.

Vertic Torrifluvents. Torrifiuvents like the Typic except for b.

Tropofluvents.

1.

Fluvents that

have a mean annual soil temperature of 8°C (L7*F) or more and have mesn summer and
?ean)winter soil terperatures at 50 cm (20 inches) that differ by less than 5°C
9*'F);

are not dry in more than 7 cut of 10 years in all subhorizons between 18 and 50 em
(7 and 20 inches) for az much as 60 consacutive days, and are not dry in soms sub-
horizon between these depths for as much as 50 cumulative days in moat years .
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m&: Tropofluvents. Tropofluvents that

. have no layer in the upper 75 cm (30 inches) that has a texture finer than
: loamy finay:and, that gs as mich ag 18 cm (7 inches) thick, that has a bulk
density (at 1/3-bar tension) of 0.95 g/cc or less in the fine earth fractien,
and that has either (1) a ratio of measured clay to 15-bar water (percentages)
of 1.25 or laess, or (2) a ratio of CEC (at pH near 8) to 15-bar wmter of more
than 1.5 and more exchange acidity than the sum of bases plus KCl extractable
aluminum. :

b, have no mottles within 50 em (20 inches) of the surface with chromaa of 2 or
leas, or, at depths betwesn 50 e¢m and 1 m (20 and LO inches) have no horizons
that are saturated with water at some period or that are artificislly drained
and that have chromas of lees than 1 or mes bluer than 10Y;

c. have no horizon within 1 m (4O inches) of the surface that is more than 15 cm
(6 inchea) thick, that contains either at lsast 20 percent durinodes in a
nonbrittle matrix or is brittle and has firm consistance when molst;

d. lack the following combination of characteristica:

(1) cracks at some period in most yeara that are 1 cm or more wide at a depth
of 50 e¢m (20 inchea), that are at least 30 cm (12 inches) long in some
part, and that extend upward to the surface or to the base of an Ap
horizon; and .

(2) a coefficient of linear extensibility” (COLE) of 0.09 or more in a horizonm,
or horizons at least 50 em (20 inchea) thick, and a potential linear
extensibility of 6 cm or more in the upper 1 m (LO inches) of the soil
or the whole soil if a lithic or paralithic contact is deeper than 50 em
(20 inchea) but shallower than 1 m (4O inches); and

(3) more than 35 percent clay in horizons that total mops than 50 cm (20 inches)
in thickneas within the control section.

Andie 'l‘ropoﬂuveﬁta. Tropefluvents 1llke the Typic except for a.

Aguic Tropofluvents. Tropofluvents like the Typic except for b.

Durorthidic Tropofluvents. Tropofluvents like the Typic except for c.

Vartic Tropofluvents. Tropofluvents 1ike the Typie except for d.

Udifluvents. Fluvents that

1. have moil temperatures warmer than those of Cryofluvents, and have mean summer and
maan winter soil temperatures at 50 cm (20 inches) that differ by 5°C (9°F) or more;

2, are pot dry in g1l subhorizons batween 18 and 50 em (7 and 20 inehes) in more than
7 out of 10 years for as mich as 60 consecutive days, and are not dry in some sub-
horizon betwesn these depths for as mich as 90 cumilative days in most years.

Typic Udifluvents. Fluvents that

a, have no layer in the upper 75 cm (30 inches) that has & texture finer than loamy
fine sand, that is as much as 18 cm (7 inches) thick, that has a bulk density
(at 1/3-bar tension) of 0.95 g/ce or less in the fine earth fraction, and that
has either (1) a ratio of measured clay to 15-bar water (percentageas of 1.25
or less, or (2) a ratio of CEC (at pH near 8) to 15-bar water of more than 1,5
and more exchange acidity than the gum of bases plus KCl extractable aluminum;

b. have no mottles within 50 em (20 inches) of the surface with chromas of 2 or
less, or at depths between 50 cm and 1 m (20 and 4O inches) have no horizons
that are saturated with water at some peried or that are artificially drained
and that have chromss of less than 1 or hues bluer than 10Y; :

¢. have no buried mollic epipedon that is 20 em {8 inches) or more thick and
thet has its upper boundary within 50 cm (20 inches) of the surface H

d. lack the fellowing combination of characteristice:
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Typie Cryorthents. Cryorthents that

a. have no layer in the upper 75 em (30 inches) that has a texture finer than
loamy fine sand, that is as much as 18 cm (7 inches) thick, that has a bulk
density (at 1/3-bar tension) of 0.95 g/cc or less in the fine earth fraction,
and that has either (1; a ratio of maasured clay to 15~bar water (percentages)
of 1.25 or less, or (2) & ratio of CEC (at pH near 8) to 15-bar water of more
than 1.5 and more exchange acidity then the sum of bases plus KCl extractable
aluminum;

b. have no mottles with chromas of 2 or less within 50 em (20 inches) of the
surface;

c. have no lithic contact within 50 cm (20 inches) of the surface;
d. have a mean annual soil temperature of more than Q°C (32°F);
e. lack the following combination of characteristics:

(1) cracks at some period in most years that are 1 em or more wide at a
depth of 50 cm (20 inches), that are at least 30 em (12 inches) long
in some part, and that extend upward to the surface or to the base of
an Ap horizon; and :

(2) a coefficient of linear extensibility (COLE) of 0.09 or more in a horizon
or horizons at least 50 em (20 inches) thick, and a potential linear
extensibility of 6 em or more in the upper 1 m (LO inches) of the soil
or the whole soil if a lithic or paralithic contact is deeper than 50 e¢m
{20 inches) but shallower than 1 m (4O inches); and

(3) wmore than 35 percent clay in horizons that total more than 50 em
(20 incheg) in thickness within the control section;

f. have no horizon within 1 m (4O inches) of the surface that is more than
15 em (6 inches) thick that. contains either at least 20 percent durinodes
in a nonbrittle matrix, or 1s brittle and has firm consistence when moist.

Andic Cryorthents. Cryorthents like the Typic except for a.

Andic Aquic Cryorthents. Cryorthents 1like the Typic except for & and b.

Aquic Cryorthents, Cryorthents like the Typic except for b.

Lithie Cryorthents, Cryorthents like the Typic except for c.

Pergalic Cryorthents. Cryorthents 1ike the Typic except for d.

Vertic Cryorthents. OCryorthents like the Typic except for e.

Torriorthents. Orthents that

1.
2.

have soil temperatures warmer then those of Cryorthents;

are usually dry in most years in all parts of the soil between 18 and 50 em

(7 and 20 inches) or a lithic or a paralithic contact shallower than 50 em (20 inches)
or in som; subhorizon above a lithic or a paralithic contact shallower than 18 em

(7 inches).

Typie Torriorthents. Torriorthents that

a. have no horizon within 1 m (4O inches) of the surface that is mors than 15 cm
(6 inches) thick that contains either at least 20 percent durinodes in & non-
brittle matrix or is brittle and has firm consistence when moist;

b, have no 1lithic contact within 50 em (20 inches) of the surface;
c. lack the followlng combination of charactaristics:
(1) cracks at some period in most years that are )1 em or more wide at &
depth of 50 ecm (20 inches),. that are at least 30 em (12 inches) long

in soms part, and that extend upward to the surface or to ths base of
an Ap horizon; and
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Typic Xerorthents--Cont.

(3) more than 35 percent clay in horizons that total more than 50 cm
(20 inches) in thickness within the control section.

Aquic Yerorthenta. ZXsrorthents 1like the Typic except for a.

Aquic Durorthidic Yerorthents. Xerorthents like the Typie except for a and b.

Lithic Xerorthents., Xerorthents like the Typic except for c.

Vertic Yerorthents., Xerorthents like the Typic except for d.

Psamments. Entisola that

1.

3.

C

have below the Ap horizon or 25 cm (10 inches), whichever is deeper, textures of loamy
fine sand or coarser in all parts elther to a depth of 1 m (4O inches) or to a lithic
or a paralithic contact, whichever is shallower;

have no fragmenta of diagnostic hordzona that can be identified and that occur more
or leas without discernible order in the soll below any Ap herizon but within the
serles control section.

are not permanently saturated with water and lack the characteriatics asgociated
with wetness defined for Aquents.

gamments, Psamments that have a mean annual soil temperature of less than 8*°C (L7*F)
and @ mean summer soil terperature at S0 em (20 incha’:g or at a lithic or a paralithic
contact, whichever is shallower, of either less than 15°C (59°F) if cultivated or
without sn O horizon, or less than 8°C (L7°F) if with an O horizon.

Typic Cryopsamments. Cryopssmments that

a. have no lamellae within 1.5 m {60 inches) of the soll surface that meat all
requirements for an arglllic horizon except thickness;

|
b. have no mottles with chromas of 2 or less within 50 cm (20 inches) of the l
surface; 1
¢. have a mean anmual soil temperature of more thsn 0*C (32°F).
d. have no lithic contact within 50 em (20 inches) of the surfaca.
Alfic Cryopsamments. Cryopsamments like the Typic except for a and have base satura-

iion of 35 parcent or more in some horizen less than 1.25 m (50 inches) below the
vppermost lamellee.

Aquic Cryopsamments. Crycpsamments like the Typic except for b.

Agquic Pergelic Cryopsamments. Crycopsamments like the Typic except for b and c.

Lithic Cryopsamments. Cryopsamments like the Typic except for d.

Qu!rt.zinsamnenta; Pasamments that

1. have soil temperatures wdrmer than those of Cryopsamments;

2. have a sand fraction that 1s more then 95 percent quartz, zircon, tourmaline, rutile,
or other normally insoluble minerals that do not weather to liberate iron or aluminum;

Typle Quartzipsamments. Quartzipsamments that

8. have no mottles to a depth of 1 m (LO inches) that have chromas of 2 or less, or
if the color 1s due to unccated sand grains, a ground water table is within
1 m (LO inches) of the soil surface for less than 60 cumilative days in most
years;

b. have no alble horlzon st the surface or immediately underlying an Al or Ap
horizon that is underlain by another horizon having values more than 1 unit
darker or having chromas of 6 or more;



83
Entisols

Typic Quartzipsamments--Cont.

¢. have no lithic contact within 50 em (20 inches) of the surface;

d. have a clay fraction with a higher CEC than that of the clay of an oxic

horizon;
e, have le;s than S percent plinthite in all horizons to a depth of 1 m (LQ inches).

Agquic Quartzipsamments. Quartszipsamments like the Typic except for a.

" Aquodic Quartzipsamments. Quartzipsammenta like the Typic except for b and have a
ground water table within 1 m (4O inches) of the soil surface for 6 months or
more in most years, or are artificislly drained, and lack sufficient free iron
to turn redder on ignition.

Lithic Quartzipsamments. Quartzipsamments like the Typic except for c.

" Lithic Spodic Quartzipsamments. Quartzipsamments like the Typic except for b and c.

Oxic Quartzipsamments. Quartzipsamments like the Typic except for d with or without e.

Spodic Quartzipsamments. Quartzipsemments like the Typic except for b.

Torripsamments, Psammenta that
1. have soil temperatures warmer than those of Cryopsamments;

2. are usually dry in most years in all parts of the soil between 18 em (7 inches)
and 50 cm (20 inches) or a lithic or paralithic contact shallower than 50 em
(20 inches) or in some subhorizon above a lithie or a paralithic contact shallower
than 18 cm (7 inches);

3. have in the sand fraction, less than 95 percent quartsz, zircon, tourmaline, rutile,
or other normally 1lnsoluable minerals that do not weather to liberate iron or
aluminum;

Typic Torripssmments. Torripsamments that

8. have no lithlc contact within 50 cm (20 inches) of the surface;

b. have no lamellae within 1.5 m (60 inches) of the scil surface that meet all
requiremsnts for an argillic horizon except thickneas; #

¢. have no horizon within 1 m (4O inches) of the surface that is more than
15 cm (6 inches) thick that contains either at least 20 percent durinodes
in a nonbrittle matrix or is brittle and haegs firm consistence when moist.

Lithic Torripsamments. Torripsamments like the Typic except for a,

Udigaammenta. Pgamments that

1. have s0il temperatures warmer than those of Cryopsamments and mean summer and
mean winter soil temperatures at 50 em (20 inches) that differ by 5°C (9°F), or more;

2. are not dry in all subhorizons between 18 and 50 cm (7 and 20 inches) or a lithic
or a paralithic contact shallower thsn 50 cm (20 inches) or in all subhorizons above
8 lithic or a paralithic contact shallower than 18 cm (7 inches) in more than 7 out
of 10 years for as much as 60 consecutive days, and are not dry in some subhorizon
between these depths for as mach ag 90 cumulative days in most years;

3. have in the gand fraction, less than 9% percent quartz, zircon, tourmaline, rutile,
or other normally insoluble minerals that do not weather to liberate iron or aluminum.

Typic Udipsamments. Udipsamments that

8. have no lamellae within 1.5'm (60 inches) of the soil surface that meet all
requirements for an argillic horizon except thickness;

b. bave no mottles with chromas of 2 or less to a depth of 1 m (LO inches);
# Clay content cannot be sstimated with precision in lamella-that are very thin. The lamella

in alfic subgroups are usually observed to be about 0.5 to 1 em thick but the total thickness
is less than the required 15 cm (6 inches) for an argillic horizon, '
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XeroEsamments——Cont.

2. are usually moist but are dry for 60 consecutive days or mors in more than 7 out
of 10 years in all subhorizons between 18 and 50 cm (7 and 20 inches) or a lithic
or a paralithic contact shallower than 50 cm (20 inches) or in the subhorizon
irmediately above & lithie or a paralithic contact shallower than 18 cm (7 inches);

3., have in the sand fraction, less than 95 percent quartz, zircon, tourmaline, rutile,
or other normally ingoluble minerals that do not weather to liberate iron or
aluminum.

Typic Xeropsamments. Xeropsamments that

a. have no lamellae within 1.5 m (60 inches) of the soil surface that meet all
requirements for an argillic horizon except thickneas;

b. have no mottles with chromas of 2 or less to & depth of 1 m (4O inches);
¢, have no horizon within 1 m (LO inches) of the surface that is more than 15 cm
(6 inches) thick that contains either at leaat 20 percent durinodes in a non-
brittle matrix or is brittle and has firm consistence when molst;
d. have no lithic contact within 50 cm (20 inches) of the surface.
Alfic Xeropsamments. Xeropsamments like the Typ{c except for a and have base saturation

of 35 percent or more in some horizon less than 1.25 m (50 inches) below the upper-
mogt lamellae. ) .

Aquic Xeropsarments. Xeropsamments like the Typic except for b.

* Clgy content cannot be estimated with precision in lamella that are very thin. The lamella
in alfic subgroups are usually obgerved to be about 0.5 to 1 em thick but the total thickness
is less than the required 15 em (6 inches) for an argillic horizon,
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Vertisols that have cracks that remain open for 90 cumulative days or more during

The year but not throughout the year in most years and one or more of the following:

1.
2.

3.

cracks that open and close more than once during the year in most years;
a mean annual soil temperature of 22°C (72°F) or more;

a mean summer and mean winter soil temperature at 50 cm (20 inches) depth that differ

by less than 5°C (9°F).

Chromusterts. Usterts that have moist chromas of 1.5 or more throughout the upper 30 cm
{12 Inches) in more than half of each peden. '

Typic¢ Chromusterts. Chromusterts that

a. have color values of less than 3.5 when moist and less than 5.5 when dry
throughout the upper 30 cm (12 inches) in more than half of each pedon;

b. lack & prismatic or blocky structure with clay skins on ped faces that
have color values lower than in the matrix within 1 m (4O inches) of the
s0il surface;

c. have cracks that remain open for more than 150 cumlative days during the
year if meen annual soil temperature is more than 15°C (59°F).

Entic Chromusterts. Chromusterts like the Typic except for a.

Palsustollic Chromuisterts. Chromusterts like the Typlc except for b,

Udie Chromusterts. Chromusterts like the Typic except for ¢ and have cracks that
remain dpen Irom 90 to 150 cumlative days during the year.

Udorthentic Chromisterts. Chromusterts like the Typic except for a and c.

Pellusterts. Usterts that have moist chromeas less than 1.5 throughout the upper 30 em

12 inches), in more than half of each pedon.

Typic Pellusterts. Pellusterts that

@. have in 21l subhorizons te a depth of 1 m (4O inches) dry and moist chromas
of less than 1.5, or if chromas are 1.5 or higher there &re distinct or
prominent mottles or concretions due to segregated Fe or Mn;

b. have color values of less than 3.5 when moist and less than 5.5 when dry
throughout the upper 30 em (12 inches) in more than half of each pedon;

¢. have cracks that remain open for more than 150 cumulative days during the
year if the mean annual soil temperature is more than 15°C (59°F);

d. lack & prismatic or blocky structure with clay skins on ped faces that
have color values lower than in the matrix within 1 m (LO inches) of the
soil surface.

Chromic Pellusterts. Pellusterts like the Typic except for a.

Chromic ¥ntic Pellusterts. Pellusterts like the Typic except for a and b.

Chromudie Pellusterts. Pellusterts like the Typic except for a and e.

Entic Pellusterts. Pellusterts like the Typic except for b.

Paleustoliic Pellusterts. Pellusterts like the Typle except for d with or without c.

Udic Pellusterts. Pellusterts like the Typic except for c.

Udorthentic Pellusterts. Pellusterts like the Typie except for b and c.
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Yarerts., Vertisols that have cracks that open and close once each year and remain open for
&0 consecutive days or more in more than 7 out of 10 years and have mean annual soil temperatures

less than 22°C (72*F), and mean summer and mean winter soil temperatures at 50 cm depth (20 inches)
that, differ by 5°C (9*F) or more.

Chromoxererts. Xererts that have moist chromas of 1.5 or more throughout the upper 30 cm
nches) in more than half of each pedon.

Typic Chromoxererts. Chromoxererts that

a. 3lack distinct or prominent mottles within 50 em (20 inches) of the surface;

b. have color values of leas than 3.5 when moist and less than 5.5 when dry
throughout the upper 30 em (12 inches) in more than half of each pedon.

Aquic Chromoxererts. Chromoxererts like the Typic except for a.

Aquic Entic Chromoxererts. Chromoxererts like the Typic except for a and b.

Entic Chromoxererts. Chromoxererts like the Typic except .for b.

Pelloxererts. xererts that have moist chromas less than 1.5 throughout the upper 30 ecm
ncheg) in more than half of each pedon.

Typic Pelloxererts. Pelloxererts that

a. have in all subhorizons to a depth of 1 m (LO inches) dry and moist chromas
of less than 1.5,or if chromas are 1.5 or higher there are distinct or
prominent mottles or concretions due to segregated Fe or Mn;

b. have color values of less than 3.5 when moist and less than 5.9 when dry
throughout the upper 30 cm (12 inches) in more than half of each pedon.

Chromic Pelloxererts. Pelloxarerts like the Typle except for a.

Chromic Entic Pelloxererts, Pelloxererts like the Typic except for a and b.

Entic Pelloxererts. Pelloxersrts like the Typic except for b.
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Inceptisols are mineral soils that have no spodie, srgillic, natrie, or oxic horizon unless it is
a buried horizon; that have no plinthite that forms a continuous phagse within 30 cm (12 inches) of the
mineral surface; and either:

1. Are usually moist between 18 and 50 em (7 and 20 inches) or above a 1lithic or a
paralithic contact shallower than 50 em (20 inches); that lack a salie, or gypsic
horizon within 1 m (LO inchea) of the surface; and that have one or more of the
following:

a. A conductivity of the saturation extract at 25°C (77°F) of less than 2 mmho per cm
down to whichever of these depths is least: a lithic or a paralithic contact or
within 1,25 m (50 inches) of the surface if particle-size classes are sandy, 90 cm
(35 inches) if loamy, and 75 em (30 inches) if clayey; and, if without a fragipan,
with inerease in depth in the € horizon hut above the depths for the different
particle-gize classes specified above, either there is no increase in saturation
with Na plus K or there is exchange acidity in excess of Na plus K; and with one
or more of:

(1) A cambic or a calcic horizon or both;
(2) A fragipan that has no clay skins as thick as 1 mm;
(3) A duripan with its upper boundary within 1 m (LO inches) of the surface.

b. Artificial drainage or saturation with water at some period of the year when not
frozen, and at depths of less than 50 em (20 inches) or immediately underlying an
umbric epipedon, have a horizon with dominant moist colers on ped faces, or
in the matrix if peds are absent, as followa:

(1) If there is mottling, chromas are 2 or less;
(2) If there is no mottling, chromas sre 1 or less".

¢. Sodium saturation of more than 15 percent in some part of the upper 50 cm (20 inches)
that decreases with depth below 50 cm (20 inches) and the soil is saturated with water
at some period within a depth of 1 m (40 inches); or

2. Have an umbric, histie, or plaggen epipedon; or a mollic epipedon with one or more of the
following combinations of properties:

#H
8, A bulk density  of the fine earth fraction of leas than 0.85 g per cc in the epipedon
or the cambic horizon or both, and the exchange complex is dominated by amorphous

materials;,

rlyin
b. N'%g# 18 7drizon with bage saturation of less than 50 percent (by NH;,OAc) throughout

or decreasing to less than 50 percent at a depth of 1.8 m (72 inches) below the
surface, whichever iz shallowver;

c¢. The mean summer and mean winter soil temperaturas differ by less than 5°C (9*F) when
measured at & depth of 50 em (20 inches) or at a lithic or a paralithic contact,
whichever iz shallower, and one or both of:

(1) 35 percent or more clay with montmordillonitic mineralogy, and the epipedon rests
on materials with less than LO percent CaG03 equivalent;

aturation—t a—Tlezs—t

oyt or decreasing to lasg thapn 50 perce epth_of

Andepts, ~ Inceptisols thamd dry values the mell  epipecasn AFE hi darker {4, ”
these ¢f  the under lying bursi

1. have one or both of: , ¢ JErJ tng Pekizen

a. a bulk density of the fine earth fraction of the soil of less than 0.85 g per
cc in the epipedon or the cambic horizon, or both, and the exchange complex
is dominated by amorphous material;

b. mora than 60 percent of vitric volcanic ash, cinders, or other vitric pyroclastic
material in the silt, sand, and gravel fractions;

2. are not saturated with water at any period or lack the characteristics assoeiated
with wetneas defined for Aquepts;

3. .lack a plaggen epipedon.

# If huea are redder than 10YR because of red parent materials that remain red after citrate-
dithionite extraction, the requirement for low chromas is waived.
#  Bulk density at field capacity (1/3-bar tenaion).
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Eutrandepta--Cont.

2. have goil tempsraturea warmer than those of Cryandepts;
3. 1lack elays that dehydrate irreversibly into gravel-size aggregates;:

L. lack a duripsn within 1 m (LO inches) or a fragipen.
Typic Entrandepts. Eutrandepts that

a. lack mottles with chromas of 2 or less within 1 m (LO inchea) of the surface;
b. have a mollic epipedon 25 em (10 inches) or more thick;

c¢. lack a 1ithie contact within 50 em (20 inches) of the surface;

d, lack a subhorizon with soft, powdery, secondary lime within 1.5 m (60 inchea)
of the surface.

Aquic Futrandepts. Eutrandepts like the Typic except for a.

Entic Eutrandepts. FEutrandepts like the Typie except for b,
Lithie Butrandepts. Eutrandepts like the Typlc except for c.
lithic Ustollie Eutrandepts. BEutrandepts like the Typic except for ¢ and d.

Ustollie Eutrandepts. Eutrandepts like the Typic except for d.

Hydrandepts. Andepts that

1. have clays that dehydrate irreversibly into gravel-size aggregates;

2, have goil temperatures warmer than those of Cryandepts.
Typic Hydrandepts. Hydrandepts that
a, lack a lithic contact within 50 cm (20 inches) of the surface.

Lithic Hydrandepts. Hydrandepts like the Typic except for a.

Vitrandepts. Andeptz that
1. are not thixotropic and the 15-bar water retention is less than 20 percent bassd on
the average for the whole soil between 25 cm and 1 m (10 and LO inchea) or a lithic
or paralithic contact, whichever is shallower;
2. have soil temperatures warmer than those of Cryandepta;
3. 1lack clays that dehydrate irreversibly into gravel-size aggregates;
L. lack a duripan within 1 m (LO inches).

Typic Vitrandepts. Vitrandepts that

8. lack mottles with chromas of 2 or less within 1 m (LO inches) of the surface;
b. lack a lithic contact within 50 cm (20 inches) of the surface;
¢. have an ochric epipedon.

Aquic Vitrandepta. Vitrandepts like the Typic except for a.

lithic Vitrandepts. Vitrandeptsz 1like the Typic except for b.

Lithic Mollic Vitrandepts. Vitrandepts like the Typic except for b and c¢ and have
a mollic epipedon.

Lithic Umbric Vitrandepts, Vitrandepts like the Typic except for b and ¢ and have
an umbric epipedon. :

Mollic Vitrandepts. Vitrandepts 1like the Iypic'except for ¢ and have a mollic epipedon.

Umbric Vitrandepts. Vitrandepts like the Typic except for ¢ and have an umbriec epipedon.
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Iypic Cryaquapts. Cryaquepts that

a, have in 60 percent or more of the mass of all horizong between 15 and
50 em (6 and 20 inches), chromas of 2 or leas;

b. lack a layer in the upper 75 cm (30 inches) that has a texture finer than loamy
fine sand, that is as much as 18 em (7 inches) thick, that has a bulk density
(at 1/3-bar tension) of 0.95 g/cc or less in the fine earth fraction, and that
has either (1) a ratio of measured clay to 15-bar water (percentagess of 1.25
or less, or (2) a ratio of CEC (at pH near 8) to 15G-bar water of more than 1.5
and more exchange acidity than the sum of bases plus KCl extractable aluminum.

c¢. lack a histic epipedon;

d, 1lack an umbrie or a mollic epipedon;
e. lack a lithic contact within 50 cm (20 inches) of the surface;

f. have a mean annual soil temperasture of more than 0°C (32°F).

Aeric Cryaquepts. Cryaquepts 1ike the Typic except for a.

Aeric Humic Cryaguepts. Cryaquepts like the Typic except for a and d.
Andic Cryaquepts. Cryaquepts like the Typic except for b or b and d.

Andic Histic Cryaquepts. Cryaquepts like the Typic except for b and ¢.

Histic Cryaquepts. nyaquepts like the Typic except for ¢ or c and d.

Histic Lithic Pergelic Cryaquepts. Cryaquepts like the Typic except for c, e and £,

Histic Pergelic Cryaquepts. Cryaquepts like the Typic except for ¢ and f.

Humic Cryaquepts. Cryaquepts like the Typic except for d.
Lithic Pergelic Cryaquepts. Cryaquepts like the Typic except for e and f.

Pergelic Cryaquepts. Cryaquepts like the Typic except for f.

Fragiequepts. Aquepts that

1.

have a fragipan;
have soil terperatures wermer than those of Cryaquepts;

have lesg than 15 percent saturation with sodium in the upper 50 cm (20 inches)
or have saturation with sodium that is constant or increases with depth below
50 em (20 inches);

have no plinthite that forms a continuous phase or constitutes more than half
of the matrix within 1.25 m (50 inches) of the surface.

Typic Fragiaquepts. Fragiagquepts that

Ae

a. have an ochric epipedon;

b. have colors diagnostic of the Aquepts in all horizons below the plow layer
or, if there is no plow layer, below 15 em (6 inches) and down to a depth of
75 em (30 inches) or more.

Hu,

ric Fragiaquepts. Fragiaquepts like the Typic except for b,

mic Fragiaquepts. Fragiaquepts like the Typic except for &.
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Halaquepts. Aquepts that

1. have sodium saturation that is 15 pesrcent or more in some part of the upper
50 em (20 inches) and that decreases with depth below 50 cm (20 inches) and
the soil is saturated with water at some period within a depth of 1 m (LO inches).

2. have an N value of 0.5 or less in some layer bstween 20 and 50 cm (8 and 20 inches);
3. have soil temperatures warmer than those of Cryaquepts;

k. have no plinthite that forms a contimious phase or constitutes more than half of
~ the matrix within 1.25 m (50 inches) of the surface.

ic Hala ts, Halaquepts that

8. have chromas of 2 or less in hues of 5Y or redder in 60 pereent or more of the
matrix in all subhorizons between 15 and 75 e¢m (6 and 30 inches);

b. 1lack a layer in the upper 75 em (30 inches) that has a texture finer than loamy
fine sand, that is as much &8 18 em (7 inches) thick, that has a .bulk density
(at 1/3-bar tension) of 0.95 g/cc or less in the fine earth fraction, and that
has either (1) a ratio of measured clay to 15-bar water (percsntagesj of 1.25
or leas, or (2) a ratio of CEC (at pH near 8) to 15-bar water of more than 1.5
and more exchange acidity thean the sum of bases plus KCl extractable aluminum.

¢. have an organic matter content that decreases regularly with depth and, unless
a lithic or a paralithic contact occurs at shallower depths, reaches levels of
0.35 percent (0.2 percent organic carbon) within 1,25 m (50 inches) of the
surface;
d. have an ochric epipedon.
Aeric Halagquepts. Halaquapts like the Typic except for a.
Rerlc &ndic Ha-ﬁgueﬁta. Halaquepts like the Typic except for a and b.
naic aquepts. Halaquepts 1ike the Typlc except for b.
Fluventic Halaquepta., Halaquepts like the Typic except for ¢ with or without a.

Haplagquepts. Aquepts that

1. have soil temperatures warmer than those of Cryaquepts and have mean summer and
mean winter soll temperatures at 50 cm (20 inches) that differ by 5°C (9°F) or more;

2. have an ochric epipedon;

3. have an exchange complex that is thed by cryatalline aluminosilicate clay
minerals and have less than 60 percent vitric volcanic ash, cinders, or other vitric
pyroclastic materials in the silt, sand, and gravel fractions;

L, have an N value of 0.5 or less in some layer between 20 and 50 cm (8 and 20 inches);

5. have less than 15 percent saturation with sodium in the upper 50 cm (20 inches)
or with saturation that is constant or increases with depth below 50 cm (20 inches);

6. lack a fragipan;

7. have no plinthite that forms a contimous phase or constitutes more than half of
the matrix within 1,25 m (50 inches) of the surface.

Typic Haplaquepts. Haplaquepts that

a. have in 60 percent or more of the matrix in all subhorizons between the Al or
Ap and 75 cm (30 inches) one or more of the following:

(1) if mottled and mean annual soil temperature is less than 15°C (59°F)
noist chromas are 2 or less; .

(2) if mottled and meen anmual soil temperature is 15*°C (59°F) or more:




95
Inceptisols

Typic Haplaquepts--Cont.

(a) in hues of 2,5Y or redder” and moist values more than 5, moist
chromas are 2 or less,

(b) in hues of 2,5Y or redder and moist values of 5 or less, moist
chromas are 1 or less,

(c) in hues yellower than 2.5Y, moist chromas are 2 or less;

(3) moist chromas are 1 or less with or without mottles.

b. lack a layer in the upper 75 cm (30 inches) that has a texture finer than
loamy fine sand, that is as much as 18 cm (7 inchea) thick, that has a bulk
density (at 1/3-bar temsion) of 0.95 g/cc or less in the fine earth fraction,
and that has either (1) a ratio of measured clay to 15-bar water (percentages)
of 1.25 or less, or (2) a ratio of CEC (at pH near 8) to 15-bar water of more
than 1.5 and more exchange acidity than the sum of bases plus KC1 extractable
aluminum.

¢. have organic matter content that decreases regularly with depth and, unleas
a lithic or a paralithic contact occurs at shallower depths, reaches levels of
0.35 percent (0.2 percent organic carbon) or less within 1.25 m (50 inches) of
the surface;

d. lack a buried Histosol within 50 em (20 inches) of the surface;

a. have an Ap horizon with a moiast value of L or mors or with a dry value of 6 or
more crushed and smoothed™ or the Al horizon is less than 15 em (6 inches) thick
if its moist color value is lower than 3.5;

f. have an N value of less ‘than 0.9 between 50 and 80 cm (20 and 32 inches) and
less than 0.5 in all layers between 30 and 50 em (12 and 20 inches);

g+ 1lack a lithie contact within 50 cm (20 inches) of the surface;

h. 1lack the following combination of cﬁaracteristics:

{1) cracks at some period in most years that are 1 cm or more wide at &
depth of 50 em (20 inches), that are at least 30 em (12 inches) long
in some part, and that extend to the surface or to the base of an Ap
horizon; and

(2) a coefficient of linear extensibility (GOLE) of 0,09 or more in a
horizon or horizona at least 50 cm (20 inches) thick and a potential
linear extensibility of 6 c¢m or more in the upper 1 m (LO inches) of
the soll or the whole soil if a lithie or paralithic contact is desper
than 50 em (20 inches) but shallower than 1 m (LO inches); and

(3) more than 35 percent clay in horizons that total more than 50 cm
(20 inches) in thickness within the control section.
Aeric Haplaquepts. Haplaquepts like the Typic except for a or a and e.
Aeric Andic Haplaquepts. Haplaquepts like the Typic except for a and b.

Chromudertic Haplaquepts. Haplaquepts like the Typic except for a, ¢ and h
~with or without e.

Fluventic Haplaquepts. Haplaquepts like the Typic except for ¢ with or without
a or e, or both. -

Humic Haplaquepts. Haplaquepts like the Typic .except for e and the base gaturation
is less than 50 percent in some horizon and does not increase with depth to
50 percent or more.

Lithic Haplaquepts. Haplaquepts 1ike the Typic except for g.

Mollic Haplaquepts. Haplaquepts like the Typic except for e and the base saturation
is 50 percent or more throughout or increases with depth to 50 percent or more.

Thapto-Histic Haplaquepts. Haplaquepts like the Typic except for ¢ and d.

Vertic Haplaquepts. Haplaquepts like the Typie except for ¢ and h with or without e,

# If hues are T.5YR or redder in the matrix: if peds are present, ped exteriora have
dominant moist chromas of 1 or less and ped interiors have mottles with moist chromas
of 2 or less; if peds are absent, moist chromas are 1 or less immediately below any
surface horizon that has moist values of less than 3.5.

¥t Use knife and smooth to eliminate shadows.




96

Inceptisola

Humaquepts, Aquepts that

1.

2.

b,

5.

1.

have goll temperatures warmer than those of Cryaquepts and have mean summer
and mean winter soil temperatures st 50 cm (20 inchea) that differ by 5°C
(9°F) or more;

have an umbric, mollic or a histic epipedon;

have an exchanga complex that is dominated by erystalline aluminosilicate clay

minerals and have less than 60 percent vitric voleanic ash, cinders or other vitrie

pyroclastic materisls in the silt, sand, and gravel fractions;

-have an N value of 0.5 or less in some layer between 20 and 50 cn

(8 and 20 inches);

have less than 15 percent saturation with sodium in the upper 50 ecm

(20 inches) or have saturation with sodium that is constant or increases with
depth below 50 em (20 inches); :

lack a fragipan;

have no plinthite that forms a continuous phase or constitutes more than half
of the matrix within 1.25 m {50 inches) of the surface.

Typic Humaquepts. Humaquepts that

a. have chromas of 2 or less in hues of 5Y or redder in 60 percent or more
of the matrix in all subhorizons between 15 and 75 cm (6 and 30 inches);

b. have mottles within 30 em (12 inches) below the base of the epipedon if the
chromas to this depth are 1 or more and the hues are redder than 5Y;

¢. lack a layer in the upper 75 cm (30 inches) that has a texture finer than
loamy fine sand, that is a3 much as 18 em (7 inches) thieck, that has a bulk

density (at 1/3-bar tension) of 0,95 g/cc or less in the fine earth fraction,

and that hag esither (1} g ratio of measured clay to 15-bar water (percentages)
a ratio of CEC (at pH near 8) to 15-bar water of more

than 1.5 and more exchange acidity than the sum of bases plus KCl extractable

of 1,25 or less, or (2
alumipum,
d. have an epipedon less than 60 em (2l inches) thick;

&, have organic matter content that decreases regularly with depth and, unlesa
a lithic or a paralithic contact occurs at shallower depths, reaches levels

of 0.35 percent (0.2 percent organic carbon) or less within 1.25 m {50 inches)

of the surface;
f. lack a histic epipadon;

g. have an N value of less than 0.9 between 50 and 80 em (20 and 32 inches)
depthas

h. lack the following combination of characteristics:

(1) cracks at some period in most yeara that are 1 cm or more wide at a depth

of 50 em (20 inches), that are at least 30 cm (12 inches) long in some
part, and that extend upward to the surface or to the base of an Ap
horizon; and

(2) a coefficlent of linear extensibility (COLE) of 0.09 or more in a
horizon, or horizons, at least 50 cm (20 inches) thick and a potential
linear extensibility of 6 cm or more in the upper 1 m (4O inches) of
the soil or the whole goll if a lithic or paralithic contact is deeper
than 50 em (20 inches) but shallower than 1 m (4O inches); and

(3) more than 35 percent clay in horizons that total more then 50 em
(20 inches) in thickness within the control section.

Aeric Humaguepts. Humaquepts like the Typic except for a or b or both,

Curmlic Humaquepts, Humaquepts like the Typic except for d and e.
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Dystrochrepts. Ochrepts that

1. lack carbonstes in the cambic horizon or in the C horizon within the soil;

2. have a base saturation less than 60 percent (by NHyOAc) in all subhorizoms that are
within 75 cm (30 inches) of the soil surface;

3. are not dry for as much as 90 eumulative days in most years in any subhorizen
of the #0il between 1B and 50 em (7 and 20 inches) or above a lithic or para-
1ithic contact shallower than 50 em (20 inches) and are not dry for as mach as
60 consecutive days in more than 7 out of 10 years in all subhorizons betwesn
these depths; i

L. 1lack a fragipan and lack a duripan with its upper boundary within 1 m (kO inches)
of the soll surface;

§. have a mean annual goil temperature of 8°C (L7°F) or more or have & mean summer
s0il temperature at 50 cm (20 inches) or at a lithic or a paralithic contact,
vhichever is shallower, of either 15*°C (59°F) or more if cultivated or without
an 0 horizon or 8°C (L47*F) or mere if with an O horizen.

Typic Dystrochrapta, Dystrochrepts that

8. lack a layer in the upper 75 em (30 inches) that has a texture finer than loamy -
fine sand, that is as much as 18 em (7 inches) thick, that has a bulk density
(at 1/3-bar tension) of 0.95 g/cc or less in the fine earth fraction, and that
has either (1) ratio of measured clay to 15-bar water (percentages) of 1.25
or less, or (2) a ratio of CEC (at pH near 8) to 15-bar water of more than
1.5 and more exchange acidity than the sum of bases plus KC1 extractable
aluminum,

b. lack mottles with chromas of 2 or less within 50 cm (20 inches) of the surface;
¢. have organic matter content that decreases regularly with depth and, unless
a lithlec or a paralithic contact occurs at shallower depths, reaches levels
of 0.35 percent (0.2 percent organic carbon) or less within 1.25 m (50 inches)
of the surface; -
d. 1lack a lithic contact within 50 cm (20 inches) of the surface;

e. lack an argillic horizon in any part of the padon;

f. lack an umbric or mollic epipedon,
Andic Dystrochrepts. Dystrochrepts like the Typic except for a.

Andic Aquic Dystrochrepts. Dystrochrepts 1ike the Typic except for a and b.

Andic Umbric Dystrochrepts. Dystrochrepts like the Typic except for a and f.

Aquic Dystrochrepts. Dystrochrepts like the Typic except for b.

Aquic Fluventic Dystrochrepts. Dystrochrepts like the Typic except for b and c.

Fluventic Dystrochrepts. Dystrochrepts 1like the Typic except for c.

Fluventic Umbric trochrepts. Dystrochrepts like the Typic except for ¢ and £,

LYtHic DVat r'o_lﬁ"e—qPD"ﬁc DS, trochrepts like the Typic except for d.

Lithie Ruptic-Alfic trochrepts. Dyatrochrepts like the Typic except for d and e
and base uafura!gon (by sum of cations) is 35 percent or more in some part above
the lithic contact but in less than half of each pedon.

Lithic Ruptic-Ultic trochrepts. Dystrochrepts like the Typic except for d and e
and Sgue aafuraﬁnon {by sum of cations) is less than 35 percent above the lithic
contact but in less than half of each pedon.

Ruptic-Alfic Dystrochrepts. Dystrochrepts like the Typic except for @ and the base
gaturation (by sum of cations) is 35 percent or more at a depth of 1.25 m
(50 inches) below the upper boundary of the argillic horizon but in less than half
of each padon.
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Ustochrepts--Cont,

2. lack a fragipan and lack a duripsn with its upper boundary within 1 m (LO inchea) of
the soil surface;

3. hsve a mean anmual soil temperature of 8°C (L7*F) or more or have a mean summsr
soil temperature &t 50 cm (20 inches) or at a lithic or a paralithic centact,
whichever is shellower, of either 15°C (59°F) or more if cultivated or without
an 0 horizon or B8*°C (47°F) or more if with an O horizon.

Typic Ustochrepts. Ustochrepts that

a. have organic matter content that decresses regularly with depth and, unless
a lithic or a paralithic contact occurs at shallower depths, reaches levels
of 0.35 percent (0.2 percent organic carbon) or less within 1.25 m (50 inches)
of the surface;

b. have no lithic contact within 50 cm (20 inches) of the surface;

¢. have less than LO percent carbonates below the cambic horizon to a depth of
1 m (4O inchea).

d. lack both of the following combinations of characteristics:

(1) (a) cracks at some period in most years that gre 1 cm or more wide at a
depth of 50 cm (20 inches) and that are at lesst 30 em (12 inches) long
in soma part and that extend to the murface or the base of an Ap, and

(b) a coefficient of linear extensibility (COLE) of 0.09 or more in a
horizon or horigens at least 50 cm (20 inches) thick and & potential linear
extensibility of 6 cm or more in the upper 1 m (4O inchea) of the soil or
the whole soil if a lithic or paralithic contact is deeper than 50 cm

(20 inches) but shallowsx than 1 m (LO inches), and

(c) more than 35 percent clay in horizons that total more than 50 om
(20 inches) in thickness within the control sectiong

(2) (a) have a lithic or paralithic contact or sltered rock retaining its
rock structure within 50 em (20 inches) of the surface, and

{b) have horizons tot#lling 25 cm (10 inches) or more in thickness with
35 parcent or more c¢lay with montmorillonitic mineralogy.

e. have no mottles with chromas of 2 or less within 75 cm (30 inches) of the surface;

£. have base saturation ( NHhOAc) of 60 percent or more in soms part of the soil
within 79 cm (30 inches) of the surface;

Fluventic Ustochrepts. Ustochrepts like the Typic except for a.

Lithic Ustochrepts. Ustochrepta like the Typic except for b,

Lithic-Vertic Ustochrepts. Ustochrepts like the Typic except for b and d.

Rendollic Ustochrepts. Ustochrepts like the Typic except for c¢.

Vertic i!stochrepi. Ustochrepts like the Typic except for d with or without a.
Xeroc ts. Ochrepts that

1, are dry for 60 consecutive days or more in more than 7 eut of 10 years in @1l parts
of the s0il between 18 and 50 cm (7 and 20 inches) or a lithic or a paralithic
contact, whichever is shellower or in the subhorizon immedistely above a lithic or
a paralithic contact shellower than 18 cm (7 inchas).

2. have & mean annual soil tempereture of 8°C (47°F) or more but less than 22°C (72°F),
or of less than 8°C (47°F) if mean summer soil temperature is 15°C (59°F) or more
énd there is no 0 horizon, end have mean sumer and mean winter soil tenperatures at

50 cm {20 inches) depth, or at a lithic or a paralithic contsct shallower than 50 cm
(20 inches) that differ by 5°C (9°F) or more; .

3. lack a fragipan and lack s duripan with its upper boundary within 1 m (LO inches)
of the s0il surface.
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Lithic Ustropepts. Ustropepts like the Typic except for 4.

Lithic Oxic Ustropepts, Ustropepts like the Typic except for d and e, and the CEC iz
< 20l meq per 100 g clay or 2.5 x 15-bar water, whichever value is higher.

Lithic Vertic Ustropepts. Ustropepts like the Typle except for d and f with or
without c.

Oxic Ustropepts. Ustropepts like the Typic except for e and the CEC is <« 2L meq per
100 g clay or 2.5 X 15-bar water, whichever value is the higher,

Vertic Ustropepts. Ustropepts like the Typic except for f with or without b or ¢, or beth.

Umbrepts. Inceptisols that

1. have an exchange complex that is dominated by crwétalline aluminosilicate clsy minerals
snd have less than 60 percent vitric volesnic ash, cinders, or other vitric pyroclastic
materials in the silt, sand, and gravel fracticns; -

Z. are not saturated with water at eny season or lack the characterlstics associated with
wetnesa defined for Aquepts;

. nave 5°C (9*F) or more difference between the mean summer and mean winter soil
temperatures at 50 em (20 inches) or at a lithic or a paralithic contact, whichever is
zhallower:

L¥e]

4. lack = plaggen epipedon;
. have one of the following cnaracterlstics:

a, if <he mean amnual soil temperaturs is 8°C (L7°F) or more, have either an umbric
or anthropic epipedon that is more than 25 cm (10 inches) thick or a mellic epipedon
that is more than 25 cm (10 inches) thick if it is underlain by a cambic horizon
with base saturation of less than 50 percent (by NHhOAc) in some part;

b. if the mean annual soil temperature ig lesa than 8°C (L7*F), have either an umbric
epipedon, or a8 mollic epipedon if the mollic epipedon is underlain by a cambic
norizon that has base saturation of legs than 50 percent (by NH)\OAc) in some part.

Anthrumbrepts. Umbrepts that

i. have an anthropic epipedon;

2. have no fragipan.

{Subgroups have not been developed.)

Oryumbrepts. Umbrepts that

<+ have a rean annual goll temperature of less than 8°C (L7*F) and a mean summer soil
temperature at 50 em (20 inches) or at a lithic or paralithic centact, whichever
is shallower, of less than 13°C (59°F) if cultivated or without an O horizem, or
iess than 8°C (L7"F) if with an 0 horizon;

2. lack a fragipan;

s lack an snthrople epipeden.

“roic Cryumbrepts. Cryumbrepts that

a. lack a lsyer in the upper 75 em (30 inches) that has a texture finer than
loamy fine sand, that is as much as 18 cm (7 inches) thick, that has a bulk
density (at 1/3-bar tension) of .55 g/ec or less in the fine earth fraction,
end that has either (i) a ratic of measured clay to 15-bar water (percentages)

of 1.25 or leas, or (2) a ratio of GEC (at pH near 8) to 15-bar water of more -
tgan 1.5 and more exchange acidity than the sum of bases plus KCl extractable
alumdnum;

©. have a cambic horizon;

¢+ have no lithic contact within 50 em (20 inches) of the surface;
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Mineral soils that have no oxic or spodie horizons but have an ochric epipedon snd one or more of
the following combinations of properties: .

1. have no argillic or natric horizon but within 1 m (LO inches) of ‘thes surface have one or
more of the following horlzons: caleie, petrocalcic, gypsic, cambic, or duripan; and either
are usually dry between 18 and 50 em (7 and 20 inches) depth or a lithic or a parslithic
contact shallowey than 50 em (20 inches) or in some subhorizon above a lithic or a paralithic
contact shallower than 18 cm (7 inches) or have a conductivity of the saturation extract that
is 2 mmho per cm or greater at 25°C in some part sbove whichever of the following depths is
loagt: a lithic or paralithic contact, 1.25 m (50 inches) if particle-siza class is sandy,
90 cm (35 inches) if loamy, and 75 cm (30 inches) if clayey; or with increase in depth within
the C horizon but above the depths for the different particle-size classes specified above
there is an increase in saturation with Na plus X in some part;

2. have no argillic or natric horizon but have a salic horizon within 75 cm (30 inches) of the
surface and are saturated with water within 1 m (4O inches) of the surface for one month or
more;

3. have a surface horizon that 1s not both hard and massive when dry; an argillic or natric
horizon; and are usually dry in most years in all parts of the soil between 18 and 50 om
{7 and 20 ineches) or a lithic or paralithic contact shallower than 50 cm (20 inches) or in
some subhorizen above a lithic or a paralithic contact shallower than 18 em (7 inches);

L. safter the upper 18 cm (7 inches) are mixed, have & clay content of less than 30 percent
in some hordzon within a depth of 1 m (L0 inches) if there are cracks at least 1 em wide at
a depth of S50 cm at some period in most yesrs and:
a. there is gilgsi, or

b. at some depth between 25 cm and 1 m (10 and 4O inches), there are slickensides close
enough to intersect or there are wedge-shaped or parallelepiped natural structural
aggregates with their long sxes tiltad 10 to 60 degrees from the horizontal.

Argids. Aridisols that have an argillic or natric horizon,
Durargids. Argids that

1, have a duripan below an argillic horizon or below a prismatic or block,g natrie
horizon and the upper boundary of the duripan is within 1 m (4O inches) of the
s0il surface; :

2. have no petrocalcic horizon that has its upper boundary within 1 m (4O inchea)
of the soil surface.

Typic burargids. Durargids that

a8, have none of the following characteristics within 1 m (4O inchea) of
the surface:

(1) dominant chromas of 1 or less throughout and hues as yellow or
yellower than 2,5Y in some portion;

(2) dominant chromas of 2 or less accompanied by mottles not due to
segregated lime;

(3) dominant chromas of 2 or less accompanied by & decrease in the
percentage of exchangeable sodium from the upper 25 cm (10 inches)
to the underlying layer;

b. have a platy or massive duripan that 1s indurated in some subhoriszon;

¢. have a weighted average carbon content in the surface 38 cm (15 inches) of
less than 0.58 percent (1 parcent organic matter) if the weighted average
sand/clay ratio for this depth is 1.0 or less; or 0.16 percent if the ratio
is 13 or more; or intermediste sand/clay ratios have proportional carbon
contents, Or, if the upper 18 ocm (7 inches) are mixed, the color values
are more than l when molst and more than 6 when dry or the chroma (wet or
dry) is more than L. (See figure A, page 120) :
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Troie Murergids--Cont.

d. Thave no argillic norizon or prismatic c» blecky natric horizon that has
teth 35 percent or more clay in scme vart and elther:

(1) an increase of 1F percent or more clay (absclute) within a vertical
distance of 2,5 cm (1 inch) at the upper boundary of the argillic
rorizon, or

{2) an increase of iC percent or more clay {absolute) if cultivated and

the lower toundary of the Ap herdzon is the upper tourdary of the
argillie horizen,

_~ule Durargids. Durargids like the Typic exceri for a or a and c.
“spiie Durargids. Durargids llke che Typic except for b.
sniic Mellie Durargids. ITurarglds like the Tvpic except for b and ¢ and the

wiripan s brittle and hag 2C jercent or rore by volume of durincdes in some
suphorizen. '

ic Durarzids. Jurargids Iike ihe Tirpic axcert for o,

slegic Zurarzids. Turargids like the TuTic xeept for ¢ end 4.

2 ne suriven within 1 om (.0 tneves, ¢f a2 fuviace or 2olumnap natric

rizen er grismatis op closky matric horizon thet has one

T ) ..
LR R A

LS

peresnt clsy (atsolute) within a vertical

gt tre upper toundary of the argillic horizen,
10 percent slay {stsolute) if cultivated and
= troriies is the urper boundayy of the argillic

oG the Folleving Lnarasiec.stics withda 1o (08 dnerse) ol tle

caasERl ehucoer 28 Loor loge W ovreogtoul gud huse e veller op twlioes.

cant cireres ef 2 o Ties éver seanisd by roblilus nol due to
taeted Jimes
I ol chzomag of & oo Iiar g6l 2iail £ & deorcEse fn tho o
guef exehengral) frwm Wit upper 25 em (10 inches) ic tas
ardeslyang lever;
T ohave Lentures finar then loomy fiae send in some subhorimea within the
ugper S0 em (20 ivchse);

¢. have ac brittls herizen that is 13 em (6 inches) or more thick within 1 m
(L0 inches) of the surfges thet contains some opsl coetings or some (less
thoa 20 perconi by volume) duclncdes;

¢. fhave ne lithic eosntect within S0 em (20 inches) of the surlace;

e. heve a weighted cverage carbon content in the surface 38 em (15 inches) of
lass/then 0.58 percenl (1 percent crganic matter) if the weighled average
gend,clay ratio for this depth 4s 1,0 or less; or 0.16 percent if the retio
is 13 or more; or intermediate sand/clay ratios have proporticnal carben
contents. Or, if the upper 18 em (7 inches) are mixed, the color values
ere more then L wien mcist end more than 6 when dry or the chmome (wet o

dry) is more thea by  (See fMgure A, page 120)
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Aridisols=

Aquic Natrargids. Natrargids like the Typlc except for a br a8 and e.
Aquic Duriec Natrargids. Natrargids like the Typic except for a and b.

. Duric Natrargids. Natrargids like the Typic except for b.

Duric Mollic Natrargids. Natrargids like the Typic except for b and e.

Glossic Mollic Natrargida. Natrargids like the Typic except for ¢ and e,

Lithic Natrargids. Natrargids like the Typlic except for d.

Lithic Mollic Natrargids. Natrargids like the Typic except for d and e.

Mollie Natrargids. Natrarglds like the Typic except for e.

Vertic Natrargids., Natrargids like the Typic except for f or f and e.

Paleargids, Argids that

1. have elther a petrocaleic horizon that has its upper boundary within 1 m
(L0 inches) of the soil surface or that have an argillic horizon or prismatic
or blocky natric horizon that has both 35 percent or more clay in some part,
and either:

a. an increase of 15 percent or more clay (absolute) within & vertical distance
of 2,5 cm (1 inch) at the upper boundary of the argillic horizen; or

b. an increase of 10 percent or more clay (absolute) if cultivated and the
lower boundary of the Ap horizon is the upper boundary of the argillie
horizon;

2. have no duripan that has its upper boundary within 1 m (LO inches) of the
surface.

Typic Paleargids, Paleargids that

a. have no brittle horizon that is 15 cm (6 inchea) or more thick within
1 m (4O inchea) of the surface and that contains some opsl coatings or some
(less than 20 percent by volume) durinodes;

b. have no lithic contact within 50 em (20 inches) of the surface;

c. have a weighted average carbon content in the surface 38 em (15 inches)
of lass than 0.58 percent (1 percent organic matter) 1f the weighted average
sand/clay ratio for this depth is 1.0 or less; or 0.16 percent 1f the ratio
1= 13 or more; or intermsdiste sand/clay ratios have proportional carbon
contents. Of, if the upper 18 cm (7 inches) are mixed, the color values
are more than L when moist and more than 6 when dry or the chroma (wet or
dry) is more than li; (See figure A, page 120)

d. have no petrocalcic horigon with ita upper boundary within 1 m (4O inchea)
of the surface;

e, have no columnar natric horizon;
f. have elther:

(1) an inerease of 15 percent or more clay (absolute) within a verticsl
distance of 2,5 cm (1 inch) at the upper boundary of the argillic
horizon, or

(2) an incresse of 10 percent or more clay (abaolute) if cultivated and the

%owar boundary of the Ap horizon is the upper boundary of the argillic
orizon,

Duric Paleargids. Paleargids like the Typic except for a.
Lithic Paleargids. Palearglds like the Typic except for b.
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Ustollic Camborthids, Camborthids 1ike the Typic except for @ and & and the soils
are not continuously dry in all pserts between 18 and 50 cm (7 and 20 inches) or &
lithic or a paralithic contact shallowsr than 50 em (20 inches) in more than 7 out
of 10 years for as long as 60 days if the mean annual soil temperaturs is leass than
22°C (72*F) and the mean summer and mean winter soil temperatures at 50 cm (20 inches)
differ by 5°C (9°F) or more. _

Yepertic Camborthids. Camborthids like the Typic except for e and f with or without
b or d or both, and have (a) cracks that open and close once each yssr and remain
open for 60 consecutive days or more during the year in more than 7 out of 10 years,
and (b) mean snnual soil temperatures less than 22°C (72°F) and mean summer snd mean
winter soil temperaturesz at 50 cm (20 inches) that differ by 5*C (9°F) or more.

Xerollic Camborthids. Camborthids like the Typic except for d and e and the soils are
continuously dry in all parts between 18 and 50 cm (7 and 20 inches) or a lithic
or paralithic contact shallower than 50 em (20 inches) in more than 7 out of 10
years for 60 days or more and the mean annual soll temperature is less than 22°C
(72*F) and the mean summer and mean winter soil temperatures at 50 cm (20 inches)
differ by 5°C (9*F) or more.

Durorthida. Orthids that

1. have a duripan that has its upper boundary within 1 m (4O inches) of the surface
and are with or without a cambic horizon;

2. have no petrocalcic horizon that has its upper boundary within 1 m (4O inches)
of the surface.

Iypic Durorthids. Durorthids that

a, have none of the following characteristics within 1l m (4O inches) of the
surface: i

(1) dominant chromas of 1 or less throughout and hues as yellow or yellower
than 2.5Y in seme portion;

(2) dominant chromss of 2 or less asccompanied by mottles not dus to segregated
lime; :

(3) dominant chromas of 2 or less accompanied by a decrease in the percentage
of exchangeable sodium from the upper 25 em (1.0 inches) to the underlying
subhorizon; '

b. have a platy or massive duripan that is indurated in soms subhorizon;

c. have a weightad average cerbon content in the surface 38 cm (15 inches) of
less than 0.58 percent (1 percent organic matter) if the weighted average
gand/clay ratio for this depth is 1.0 or lesa; or 0.16 percent if the ratio
is 13 or more; or intermediste send/clay ratios have proportional carbon contenta,
Or, if the upper 18 cm (7 inches) are mixed, the color vélues sre more than L
when moist and more than 6 when dry or thea chroma (wet or dry) is more than L;
(See figure A, page 120) ‘

d. are ususlly dry in all parts of the soil between depths of 18 snd 50 em (7 snd
20 inches) or to a lithic or a paralithic contact shallower than 50 cm
(20 inches). .
Aquic Durorthids, Durorthids like the Typic except for a with or without ¢ or d,
=) oth,

Aquentic Durorthids. Durorthids like the Typic except for & and b with or without
© +¢ or d, or both.

Durixerollic Durorthids. Durorthids like the Typic except for ¢ and d and the
solls are continuously dry in all parts between 18 and 50 cm (7 and 20 inches) in
more than 7 out of 10 years for 60 deys or more end the mean anmal soil temperature
iy less than 22°C (72°F) and the msan susmer and mean winter scil temperatures at
50 cm (20 inches) differ by 5°C (9°F) or meore.




PR

119
Aridisols

Durustollic Durorthids. Durorthids 1ike the Typic except for ¢ apnd 4 and the
soils are not continucusly dry in all parts between 18 snd 50 em (7 and 20 inches)
in more than 7 out of 10 years for as long as 60 days if the mean anmual soil
temparature is less than 22°C (72°F) ard the mean summer and mean winter soil
temperatures at SO em (20 inches) differ by 5°C ($*F) or more.

Entic Durorthids. Durorthids like the Typic except for b.
Entic Mollic Durorthida. Durorthids like the Typic except for b and c.

Haploxerollic Durorthids. Durorthids like the Typic except for b, ¢, and d and the soils
are continiously dry in all parts between 18 and 50 em (7 end 20 inches) in mors
than 7 out of 10 years for 60 days or more and the meaan annual soil temparature
is lesa than 22°C (72°F) and the mean summer and mean winter soil temperatures at
50 em (20 inches) differ by 5°C (9°F) or more.

Haplugtollic Durorthids. Durorthids like the Typic except for b, ¢, and d and the soils
are not continuously dry in all partas between 18 snd 50 em (7 and 20 inches) in
more than 7 out of 10 years for as long as 60 days if the mean snnual soil
temperature is less than 22°C (72°F) and the mean surmer and mean winter soil
temperatures at 50 cm (20 inches) differ by 5°C (9*F) or more.

Mollice Durorthids, Morthids 1iky the Typic except for c.

Paleorthids., Orthids that

1, have a petrocalelic horizon that has its upper boundary withint 1 m (LO inches)
of the soll surface; . :

2. have no duripan that has its upper boundary within 1 m (4O inchas) of the soil
surface;

3. have no salic horizon within 75 em (30 inches) of the surface if saturated with

water (i.e. within the capillary fringe) within 1 m (LO inches) of the surface
for 1 month or more

Typic Paleorthids. Psleorthids that

&, have none of the following characteristics within 1 m (LO inches) of the
surfaces ' '

(1) dominant chromss of 1 or less throughout and hues es yellow or yellower
than 2.5T in some portion;

(2) dominant chromas of 2 or less aceompanied by mottles not due to
segregated lime;

(3) dominant chromas of 2 or leas accompanied by a decrease in the percentage

of exchangeabls Na from the upper 25 cm {10 inches) to the underlying
layer; '

b have & weighted average carbon content in the surface 38 cm (15 inches) of less
than 0.58 percent (1 percent organic matter) if the weighted average sand/clay
ratio for this depth is 1.0 or less; or 0.16 percent if the retio is 13 or
more; or intermediate sand/clay ratios have intermediate carbon contents. Or,
if the upper 18 cm (7 inches) are mixed, the color velues are more than L when

molst and more than & when dry or the chroms (wet or dry) is more than L
(See figure A, page 120)

¢. are usually dry in ell parts of the scil betwsen depths of 18 and 50 em (7 and

20 inches) or to & lithic or a paralithic contact shallower than 50 om
(20 inchaes), :

Aquic Palsorthids. Paleorthids 1ike the Typic except for a or a and e,
Mollic Palsorthids. Paleorthids like the Typic except for b. '

Ustollic Paleorthids. Paleorthids 1ike the Typic except for b and ¢ and are not
continucualy dry in &1l parts between 18 and 50 cm (7 and 20 inches) or the upper
boundary of a patrocaleic horigon shallowsr than 20 cm {20 inches) or in some part
of tha soil above a patrocslelc horigon with an upper boundary shallower than
18 cm (7 inches) in move than 7 eut of 10 years for as long as 60 days if the

maan annual soil temperature is lesa than 22°C (72°F) and the mean summer end mean
wivtan ondd tammnnatnane ad BN am (00 duakan) 42 FFam hee £00 (AP am cnes
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Aquollg--Cont.

b. (1) distinct or prominent mottles in the lower mollic epipedon; or

(2) base colors immediately below the mollic epipedon that have ome or
more of1

(a) values of L and chromas of 2 accompanied by some mottles with
values of L or more and chromas of less than 23

(b) values of L and chromas of lesa than 2}

(e) values of 5 or more and chromas of 2 or less aceompaniud by mottles
with high chroms;

a caleic horizon that has an upper boundary within 4O em (15 inches) of the surface.

Argisquolls. Aquolls that

1. have an argillic horizon but have no natric horizon or duripany

2. have mean anmusl goil temperature of 8°C (L7*F ; or higher, or mean summer soil
temperatura at 50 em (20 inches) of 15°C (59°F) or higher if the soil is
drained and cultlvated, or 8°C (L7°F) or higher if the scil is drained and has
an O horizon or & histic epipedon, or 6°C (L3*F) or higher if the soil is
undrained and has a histic epipedon or an O horizen.

Typic Arglaquolls. Argiaquolls that

a, have no argillic horizon that has an increase in clay content of 20 percent
(abaclute) or more within a vertical distance of 7.5 cm (3 inchea) from the
upper boundary;

b, have a mollic epipedon with chromsa of 2 or leas;

¢. have texturas finer than loamy fine sand in some aubhorizon within
50 cm (20 inches) of the surface;

d. have no disssminated carbonates below 18 em (7 inchea) in the lowsr rart of
the mollic epipedon and in the uppar part of the argillic horizon;

e. lack the follawing combination of characteristica:

(1) cracks at some period in most years that are 1 cm or more wide at a
depth of 50 cm (20 inches), that are at least 30 em (12 inches) long
in aome part, and that extend upward to the surface or to the base of

" an Ap horlzon, &nd

(2) @ coefficient of linear extensibility (COLE) of 0.09 or more in a
horizon or horizons at least 50 em (20 inches) thick, and a potential
linear extensibility of 6 cm or more in the upper 1 m (LO inchea) of the
aoil or the whole soll if a Jithic or paralithic contact iz deeper than
50 em (20 inches) but shallowsr than 1 m (LO inchaa), and

(3) more than 35 percent clay in horizons that total more than 50 cm (20 inches)
in thickneas within the control ssction,

Abruptic Argiaquolla. Argiaquolls like the Typic except for a.

Aarie Arg;gq\ﬂlla. Argiaquolls like the I‘ypic; except for b,

Arenic Argiaquolls. Argiaquolls like the ic except for c and have a sandy epipedon
between ?%

cm and 1 m (20 and 4O inches) thick.
Caleic Arglaquolls. Arglaquolls like the Typic except for d.

Grossarenic Arglaquolls. Argiaquolls like the Typic except £or ¢ and have a sandy
epipedon more %ﬁn 1 m (LO inches) thick,

Vertic Argiaquolls., Argiaquolls like the Typic except .for e.
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Argiborolls. Borolls that

1, have an argillic horizon, but have no cambic horizon overlying the argillie
horizon and separated from it by an albic horizon; )

2. have no natrie horizon;

3. have the upper boundary of the argillic horizon within 60 em (2L inches) of
the surface¥or have textures coarser than loamy very fine sand in a1l sub-
hordizons above the argillic horizonj

L. have mean summer soil temperatures at 50 em (20 inches) of 15°C (5%°F) or
more if without an O horizon, or of 8°C (L47°F) or more if with an O horizon.

Typic Argiborolls, Argiborolls that

a. have no argillic horizon that has an increase in clay content of 20 percent
(absolute) or more within s vertical distauce of 7.5 cm (3 inchea) from the
upper boundary;

b. have no elbic horizon underlying the mollic spipedon;

¢. have no layer in the upper 75 cm (30 inches) that has a texturs finer than
loamy fine sand, that is as much as 18 em (7 inches) thick, that has a
bulk density (at 1/3-bar tension; of 0.95 g/fcc or lega in the fine earth
fraction, and that has either (1) a ratlo of meamired clay to 15-bar water
(percentages) of 1,25 or less, or (2) & ratio of CEC {at pH near B) to
15-bar water of more than 1.5 and more exchange acidity than the sum of
bases plus KC1 extractable aluminum,

d. have no mottles with chromas of 2 or less within 1 m (L0 inches) of the
surface;

€. bave no albic horizon that tongues or interfingers into at least the upper
part of the argillic horizon;

" f. have base ssturation (by NHjOAc) of more than 60 percent in all subhorizons
of the argillic horizon;

g+ have no lithic contact within 50 em (20 inches) of the surface;
" h., have a mollic epipedon less than 4O cm (16 inches) thick;
i. lack the following combination of characteristica:

(1) cracks at some period in most years that are 1 cm or more wida at a
depth of 50 cm (20 inches), that are at lemat 30 em (12 inches) long
in soma part, and that extend upward to the surface or to the base of
an Ap horizon, and

(2) a coefficient of linear extensibility (COLE) of 0.05 or more in a
herizon or horizons at least 50 cm (20 inches) thick, and a potential
linear extensibility of 6 em or more in the upper 1 m (4O inches) of
the goll or the whole soil if a lithic or paralithic contact is deeper
than 50 em (20 inches) but shallowsr than 1 m (LO inches), and .

(3) more than 35 percent clay in horizons that total mers than 50 cm
(20 inches) in thickness within the contrel sectlon.

Abruptic Argiborolla. Argiborolls like the Typic except for a.
Albic Argiborolls. Argiborolls like the Typic except for 2, band d or & and d.
_Andic Argiborolls. Argiboerolls like the Typic except for ¢ with or without h.
Aquic Argiborolls. Argiborolls like the Typic except for d.
Boralfic Argiborolls. Argiborolls 1like the Typic except .for e.
Glossoboralfic Argiborolls. Argiborolls 1ike the Typic axcept for e and f.
If there is a surface mantle that has more than 60 percent vitric volcanic ash, cinders or

other vitric pyroclastic materials, the depth to the argillic horizon iz measured from the base
of this mantls rather than from the mineral surface.
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Typic Cryoborolls--Cont.

c. have no distinet or prominent mottles due to segregation of irem or
mangsnese within 1 m (LO inches) of the surface;

d. have no caleic horizon within or immedistely underlying the mollic
epipedon;

e. have a molllc epipedon less than 4O em (16 inches) thick;

g. have no lithic contact with its upper boundary within 50 cm (20 inches)
of the surface;

h. have a mean annual soil temperature of more than 0*C (32°F);
i. lack ‘the followlng combination of characteristica:

(1) cracks at some periocd in most years that are 1 cm or more wide at
a depth of 50 em (20 inches), that are at least 30 em (12 inches)
long in some part, and that extend upward to the surface or to the
base of an Ap horizon, and

{2) a coefficient of linear extensibility (COLE) of 0.09 or more in a
horizon or horizons at least 50 cm (20 inches) thick, and a potential
linear extensibility of 6 cm or more in the upper 1 m (LO inches) of
the soil or the whole soil 1f a lithic or paralithic contact is deeper
than 50 em (20 inches) but shallower than 1 m (4O inches), and

{3) more than 35 parcent clay in horizons that total more than 50 em
(20 inches) in thickness within the control section;

J. have no albic horizon immediately below the mollic epipeden.

Abruptie Cryoborolls. Cryoborolls like the Typic except for a and j and have an
increase in clay content of 20 percent (absolute) or more within a vartical
distance of 7.5 cm (3 inchea) from the upper boundary,

Andie Cryoborolls. Cryoborolls like the Typic except for b or b and e.

Andte Argle Cryoborolls. Cryoborolls like the Typlc except for & and b with or without e.

Agquic Cryoborolls. Cryoborolls like the Typic except for c.

Arglaquic Cryoborells. Cryoborolls like the Typic except for a amd ¢,

Argic Cryoborolls. Cryoborellas like the Typic except for a.

Argle Lithic Cryoborolls. Cryoborolls like the Typic except for a and g.

Argie Pachie Cryoborolla. Cryoborolls like the Typic except for a and e H'.Lth or
without c.

Argic Vertic Cryoborolls. Cryoborolls like the Typic except for a and 4 with or
Without o,

Boralfic Cryoborolls. Cryoborolls 1ike the Typic except for a with or without e or
or J, or both,and have en albic horizon that tonguee or interfingers into at least
the upper part of the argillic horizon.

Boralfic Lithic Cryoborolls. Cryoborolls like the Typic except for a and g with or
without e or J, or both,and have an elbic horizon that tonguea or interfingera
into at least the upper part of the arglllic horizon.

Calcic Cryoborolls, Cryoborolls like the Typic except for d.

Caleiec Pachic Cryoborolls. Cryoborollas like the Typic except for 4 and e with or
without a or ¢, or both.
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Cryoborolls-~Cont.

Lithic Cryoborolls., Cryoborolls like the Typic except for g.

Natric Cryocborolls. Cryoberolls like the Typic except for a with or without j and
have more than 15 percent saturation with exchengeable sodium in the major part
of the argillic horlzom.

Pachic Cryoborolls., Cryoborolls like the Typic except for e with or without a or
c, or both. .

Pargelic Cryoborolls, Cryoborolls like the Typic except for h,

Vertic Cryoborolls, Cryoborolls like the Typlc except for i with or without e.

' Haploborolla. Borolls that

1. have soil temperatures higher than those of Cryoborollas;

2. have no argillic or natric horizon unless it underlies a cambic horizon and is
separated from the cambic horizon by sn albic horizon;

3. have & transition between the mollic epipedon and the underlyling horizen that
has less than 25 percent by volume of worm holes, worm casts or filled animal
burrows.

Typic Hsploborolls. Haploborolls that

a. have no layer in the upper 75 cm (30 inches) that has a texture finer than loamy
fine sand, that is as much as 18 cm (7 inches) thick, that has bulk density
(st 1/3-bar tension) of 0.95 g/cc or less in the fine earth fraction, and that
has either (1) a ratio of measured clay to 15-bar water (percentageas of 1.25
or less, or (2) a ratio of CEC (at pH near 8) to 1S5-bar watar of more-than
1.5 and more exchange acidity than the sum of bases plus KC1l extractable
aluminumg

b. have no mottles with chromas of 2 or less within 1 m (LO inches) of the surface;

¢. have a mellic epipedon less than LO cm (15 inches) thick;

d. have a cambic horizon or have a mollic epipedon that is between 25 end LO cm
(10 and 16 inches) thick and has one or more of the following in the lower
portion: ’

(1) moderate or strong prismatic, blocky, or subangular blocky structure;
(2)' higher chroma than the upper portion;

(3) higher value than the upper portion;

(L) redder hue than the upper portion;

e. have a regular decresse in organic metter content with depth and a level of
0.5 percent (0.29 percent organic carbon) or less within 1.25 m (50 inches)

of the surface;

£. have no lithic contact with its upper boundary within 50 cm (20 inches) of
the surface;

g+ lack the following combinstion of characteristics:

(1) cracks at some period in most years that are 1 em or more wide at @
depth of 50 em (20 inches), that are at least 30 om (12 inches) long
in some part, and that extend upward to the surface or to the bass of
an Ap horizon, and :
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(2) a coefficient of linear extensibility (COLE) of C.09 or.more in
@ horizon or horizons ‘at least 50 em (20 inchea) thick, end a potentdsl
Jinear extensibility of 6 cm or more in the upper 1 m (LO inches) of the
201l or the whole soil if a lithic or paralithic contact iz deaper than
50 cm (20 inches) but shallower than 1 m (LO inches), and

(3) more than 35 percent clay in horizons that total more than 50 cm
(20 inches) in thickneas within the control section.

Aquic Rendolls. Rendolls like the Typic except for a.
Cryice Rendolls. Rendolls like the Typic except for b.

Entic Rendells, Rendolls like the Typle except that the dry color value of the
epipedon 18 & or more after the surface 18 cm (7 inchea) have been mixed.

Eutrochreptic Rendells. Rendolls like the Typic except for ¢ and the mean summer
and mean winter soll temperstures at 50 c¢m (20 inches) differ by 5°C (9°F) or more,
and no subhorizon below a depth of 5 em (2 inches) is dry for s much aa $0
cumlative days in meost years,

Eutropeptic Rendolls. Rendolls like the Typic except for ¢ and the mean surmer and
mean winter goll temperatures at 50 cm (20 inches) differ by less than 5°C (9°F),
and no subhorizon below 2 depth of 5 cm (2 inches) is dry for as much as 90
cumulative days in most years,

Haplustic Rendolls. Rendella like the Typic except for ¢ snd some aubhorizon below
a depth of 5 cm (2 inches) is dry for 90 curmlative days or more in most ars,
and the msan summer and mean winter soil temperatures at 50 em (20 inches{uor
at a paralithic contact, whichever is shallower, differ by more than 5°C (9°F).

Higtic Rendolls., Rendolla like the Typic except for b and d. (None in U, S.)
Lithic Rendolls. Rendolls like the Typic except for e.

Vertic Rendolls. Rendolls like the Typic except for f.

Udolls are Mollisols that

have either:

a. mean annual soil temperatures of 8°C (L7°F) or more; or

b, have a molst chroma of more than 1.5 in gome part of the upper 15 cm (6 inches)
of the mollic epipedon snd have mean summsr soil temperatures at 50 cm (20 inchas)
depth or a lithic or paralithic contact, whichever is shallowsr, of 15°C (59°F)
or more if without an O horizon, or 8°C (47°F) or more if with an O horizon,

have no albic horizon with charactaristics esscciated with wetness, namely, mottles,
iron-mangsnese concretiona, or both;

are not saturated with water at any perlod or lack the characteristica associated
with wetness defined for Aquolla;

have no calecarsous horizon that immediately underlies the mollic epipedon at depths
of less thap 50 cm (20 inches) and that has mora than LO percent calcium carbonate
aquivalents

are continuoualy moist in any cambic or argillic hordigon, or the soil is not dry in
more than 7 out of 10 yeara for as much as 60 consecutive days in all horizons
between 18 and 50 em (7 and 20 inches) and it is not dry for as much as 90 cumlative
days in any horizon batween these depths in most years.

have no calcic horizon and have no concentration of soft powderj limg in spheroidal
forms, as costings, on pede, or disseminated in clay-size garticleu within 1.5 m

(60 inches) of the soil surface or within 50 om (20 inchas) below the bsse of any
cambic or argillic horizon; -

Af there 1s a lithic or paralithic contact within 50 cm (20 inches), have bese
saturation (by NHhGAc) of leas than 80 percent in soms or &1l subhorizens,
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Argliudolls, Udolls that have an argillic horizon that hss clay distribution such that the
clay decreases by 20 psrcent or more of the maximmm clay contant within 1.5 m (60 inches)

of the surface if:

1. hues are redder than 10TR with chromae of more than L dominant in the matrix in

at least the lower part of the argillic horizon; or

2, there are many coarse mottles that have hues redder thsn 7.5IR or chromas of
more than 5.

Typic Argindolls. Argiudolls that

bl

C.

d.

have colors as followa:

(1) immediately below the mollic epipedon (within 15 em (6 inches) of the
lowar boundary) have hues of 10YR or redder and chromas of 3 or higher,
and no mottles have chromas of 2 or leas in values of L or more; and

(2) no matrix colors in hues 10YR or redder are aas dark or darker than a
value 2.5 with chroma of 2 or less to a depth of 50 cm (20 inches) if

accorpanied by faint mottling within that depth; and

(3) no matrix colors in hues 2.5Y or yellower are &3 dark or darker than a

value of L with chroma of 3 or less to a depth of 50 em (20 inches)
if accompanied by faint mottling within 20 inches; and

(1) no mottles are present within kO om (16 inches) below the surface;

have no albic horlzon that tongues into at least the upper part of the argillic

horizon;

have no lithic contact within 50 em (20 inches) of the surface;

have texturss finer than loamy fine sand in the argillic horizon, or the
argillic horizon does not consist entirely of lamellae with a combined
thickness of less than 15 em (6 inches);

lack the following combination of charscteristics:

(1) cracks at some period in most years that are 1 em or more wide at @

depth of 50 cm (20 inches), that are at least 30 em (12 inches) long
in some part, and that extend upward to the surface or to the base of

an Ap horizon, and
(2) a coefficient of linear -extenaibﬂity (COLE) of 0.09 or more in a

horizon or horizons at least 50 e¢m (20 inches) thick, and a potential
linear extensibility of 6 cm or more in the upper 1 m (4O inches) of
the soil or the whole soil if a lithic or paralithic contact is deeper

than 50 cm (20 inches) but shallower than 1 m (4O inches), and

(3) more than 35 percent clay in horizons that total more then 50 cm
(20 inches) in thickness within the control section, :

"Aquic Argiudolls, Argjudolls that the Typic except for a,

Glogsoboralfic Argiudolls. Argiudells like the Typic except for b.

Lithic Argiudolls. Argiudolls like the Typic except for e.
FPsammentlc Argiudolls. Argiudolls like the Typic except for d.

Vertic Argiudolls. Argiudells like the Typle except for ea.

Hapludolls.

Udolls that

1. have no argillic horizon;

2. have a transition between the mollic epipedon and the underlying horizon that
has less than 25 percent by volume of worm holes, worm casts or filled animsl

burrovs,
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(1) hues sre redder than 10YR and chromas are more then li in the matrix, or

(2) there are cormon coarse mottles with hues of 7.5YR or redder or
chromas of more than 5; and

b. & ssndy or loamy particle-size class in the upper part or an increase
of less than 20 percent clay (absolute) within a vertical distance of
7.5 em (3 incheag or 15 percent clay (absolute) within 2.5 cm (1 inch)
at the upper boundary;
2. have no duripan with its upper boundary within 1 m (4O inchas) of the surface;

3. have no petrocalcic horizon with its upper boundary within 1.5 m (60 inches)
of the soil surface;

L. have no natric horizon.

Typic Argiustolla. Argiustolls that

8. have no mottles with chromaa of 2 or less within 1 m (LO inches) of the
surface;

b. have no brittle horizon 15 cm (6 inchea) or more thick within 1 m (kO inches)
of the surface that conteins some cpal coatings or some (less than 20 percent
by volums) durinodes; '

¢, have no lithic contact within S0 cm (20 inches) of the surface;

d. have less than 15 percent saturation with exchangeable sodimn.:ln the major
part of the argillic horizonj

e, have a mollic epipedon less than 50 cm (20 inches) thick;
f. have either or both of:

(1) a calcic horizon or soft powdery sacondary lime within a depth of
1 m (4O inches) if the particle-size clsss is sandy, 70 cm (28 inches)
1f loamy, and 60 cm (24 inches) if clayey;

(2) increasing saturation with Na plus K with incressing depth within
1.25 m (50 inches) if the particle-size class is sandy, 90 cm
(35 inches) if loamy, and 75 cm (30 inches) if clayey;

g. lack the following combilnation of characteristica:

(1) cracks at some pericd in moast yeers that are 1 cm or more wide at a
depth of 50 em (20 inches), that are at least 30 cm (12 inches) long
in some part, and that extend upward to the surface or to the base of
an Ap horizon, and

(2) =& coefficient of linear extensibility (COLE) of 0.09 or more in a
horizon or horizons at least 50 cm (20 inches) thick, and a potential
linear extensibility of 6 cm or more in the upper 1 m (4O inches) of

. the sofl or the whole soil if a lithic or paralithic contact is deeper
than 50 cm (20 inches) but shallower than 1 m (4O inches), and

(3) more than 35 percent clay in horizons that total more than 50
(20 inches) in thickness within the control ssction.

Aquic Argiustolls. Argiustolls like the Typic except for a or a and f.

Duric Argiustolls. Argiustolls like the Typic except for b,
Lithic Argiustolls. Argiustolls like the Typic except for c.
Lithic Udic Argiustolls. Argiustells like the Typic except for ¢ and f.
Natric Argiustolls, Argiustclls like the Typic except for d.

Pachic Argiustolls Argiustolls like the Typic except for e with or without a or f,
or both. '
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Typie Durustolls. Durustolls that

a. have ﬁo mottles with chromas of 2 or less above the durlpang
b. have a platy, massive, or prismatic duripsn that is indursted in soms

gubhorizon, or that is indurated and coated with opal or opsl and
sesquioxides in more than half of the surface of the upper boundary of

the duripanj )
c. have an srgillic horizon above the duripan.

Aquic Durustells., Durustolls like the Iypic except for a.

Argic Durustolls, Durustolls like the Typic except for b.

Entic Durustolls., Durustolls like the Typic exeept for b and c.

Haplic Durustolls. Durustolls like the Typic except for c.

Haplustolls., Ustolls that

1.
2'

3.

hu

5.

have no argillic or natric horizon unless it is a buried horizom;

have no duripan with its upper boundary within 1 m (4O inches) of the
surface; -

have no calcic or gypsic horizon with its upper boundary within 1 m

(4O inchas) of the gurface unless soms part of some horizon overlying

the calecic or gypsic horizon is free of cerbonates after mixing the

upper 18 cm (7 inches) and has a texture of loamy very fine sand or finer;

have a transition betwesen the mollic epipedon and the underlying
horizon that has lesa than 25 percent by volums of worm holes, worm
casts or filled animal burrows. N

have no petrocaleic horigon with itz upper boundary within 1.5 m
(60 inchea) of the soil aurface, ,

Typic Haplustolls. Haplustolls that

a. have no mottles with chromas of 2 or less within 1 m (4O inches)
of the surface or are not continuoualy saturated with water for
90 days or more within 1 m (4O inches) of the surface;

b. have a mollic epipadon less than 50 em (20 inchas) thick;

¢. have no brittle horizon 15 cm (6 inches) or more thick within 1 m
%ho inches) of the surface that contains scme opal costings or mome

less than 20 percent by volume) durinodes;

d. have a mollic epipedon overlying a cambic horizonj or have a mollic
eplpedon that is noncelcareous, at least in the upper half, and its
lower portion haz one or more of the following:

(1) moderate or strong prismatie, blocky, or subsngular blocky structure;
(2) higher chroma than in the wpper portion;

(3) higher value than in the upper portion;

(4) redder hues than in the upper portion;

e. have a regular decresse in organic metter content with depth to a level of
0.5 percent (0.29 percent organic carbon) or less within 1.25 m (50 inches)
of the surfaces .

f. have no lithic contect within 50 cm (20 inches) of the surface;
g. have no salic horison within 75 cm (30 inches) of the surface;-
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Udic Haplustolls. Haplustolls like the Typie except for 4.

Udorthentic Haplustolls. Haplustolls like the Typic except for d and i.

Vermic Haplustolls. Haplustolls like the Typic axcept for b and 4 and have a
mollic epipedon and either or both a cambic horizon, or a horizon with secondary
carbonates that, bwlow any Ap, has SO percent or more by volums of worm holes,
worm casts or filled animal burrows,

Vertic Haplustolls, Haplustolls 1ike the Typic except for h, with or without all
or any of b, d, or e.

Natrustolls.

Ustolls that

1. have a natric horizon;

2. have no petrocaleic horizon with an upper boundary within 1.5 m (60 inches)
of the surface;

3. have no duripan with an uppsr boundary within 1 m (LO inches) of the surface.

Typic Natrustolls. Natrustolls that

b.

C.

d.

have none of the following characteristics within 1 m (LO inches) of the
surface:

(1) dominant chromas of 1 or less throughout and hues as yellow or
ysllower than 2,.5Y in some portion;

(2) dominsnt chromas of 2 or less accompanied by mottles not dus to
segregated lime;

(3) dominant chromas of 2 or less accompanied by a dacresse in the
parcentage of exchangeabls sodium from the upper 25 em (10 inches)
layer to the underlying layer; .

have no brittle horizon 15 ¢m (6 inches) or more thick that is within
1 m (4O inches) of the surface and that contains some opal coatings or some
(1ess than 20 percent by volume) durinodes;

have no tonguing or interfingering of an albic horizon more then 2.5 cm
(1 inch) into a natric horizon,

have & natric horizon that has a lowsr boundary deeper than LO em (16 inches)
from the surface;

lack the following combination of characteristics:

- (1) cracks at soms period in most years that are 1 cm or more wide at

a depth of SO cm (20 inches), that are at lasst 30 cm (12 inches)
long in some part, and that extend upward to the surface or to the
base of an Ap horizon, and

(2) a coefficient of linsar extensibility (COLE) of 0.09 or more in a
horizon or horizons at least 50 cm (20 inches) thick, and a potential
linear extenaibility of 6 cm or more in the upper 1 m (4O inches) of
the #0il or the whole soil if a lithic or paralithic contact is dseper
than 56 om (20 inches) btut shallower than 1 m (4O inches), snd

(3) more than 35 percent clay.in horizons that total more than 50 cm
(20 inches) in thicknass within the control section.-

Aquic Natrustolls. Natrustolls like the Typle except for a.
Aquic Duric Natrustolls, Natrustolls like the Typic except for a apd b,

Durdc Natrustolls. Natrustclls like the Typic except for b.
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Glossic Natrustolls. Natrustolls like the Typic excapt for c.

leptic Natrustolls. Natrustolls like the Typic except for d.

Vertic Natrustolls. Natrustolls like the Typic except for e.

Paleustolls. Ustolls that

1. have a petrocalcic horizon with its upper boundary within 1.5 m (60 inches)
of the soil surface, or an argillic horizon that has either or both:

a, & vertical clay distribution such that the clay does not decreases by
20 percent of the maximum clay content within 1.5 m (60 inches) of the
goil surface, and one or both of:

(1) hues redder than 10YR and chromas of :ore than 4 in the matrix,

(2) common coarse mottles with hues of 7.5YR or redder or chromas of
more than 5; or

b. & particle-szize class that is clayey in the upper part and sn increase of
at least 20 percent clay (absolute) within a vertical distance of 7.5 cm

(3 inches) or 15 percent clay (absolute) within 2.5 cm (1 inch) at the
upper boundary;

2. have no duripan that has an upper boundary within 1 m (4O inches) of the soil
surface; ’

3. have no natric horizon.

Typic Palesustolls. Paleustolls that

a, have no increase of at least 20 percent clay (abaolute) within a vertical
distance of 7.5 cm (3 inches) or 15 percent clay (absolute) within 2.5 em
(1 4nch) at the upper boundary of the argillic horizon;

b. have no mottles with chromas of 2 or lesa within 1 m (LO inches) of the
surface;

¢, have a mollic epipedon less than 50 em (20 inches) thick;
d. have no petrocaleic horizon within 1.5 m (60 inches) of the surface;
6. have either or both oft

(1) a caleic horizon, or soft powdery secondary 1lime within a depth of
1 m (kO inches) if the particle-size class iz sandy, 70 cm (28 inches)
if loamy, and 60 em (2 inches) if clayey, or

(2) increasing saturation with Na plus K with incressing depth within
1.25 m (50 inches) if the particle-size class is sandy, 90 cm (35 inches)
if losmy, and 75 em (30 inches) if clayey;

f. 1lack the following combination of characteristics:

(1) eracks at soms period in most years that are 1 cm or more wide at a
depth of 50 em (20 inches), that are at least 30 cm (12 inches) long
in some part, and that extend upward to the surfsce or to the base of
an Ap horizon, and

(2) a coefficient of linear extensibility (COLE) of 0,09 or move in a
horizen or horizons at least 50 em (20 inches) thick, and a potentisl
linear extensibility of 6 cm or more in the upper 1 m (LO inches) of
the s0il or the whola moil if a lithic or paralithic contact is deeper -
than 50 em (20 inches) but shallower than 1 m (4O inchee), and

(3) more than 35 percent clay in horizons that total more then 50 cn
(20 inchea) in thickness within the control section.

Abruptic Paleustolls. Paleustolls like the Typic except for a.
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Abruptic Aquic Palsustolla. Palesustolls like the Typic except for a and b.

Abruptic Udic Paleustolls. Paleustolls like the Typic except for a and e.

Aquic Paleustolls. Paleustolls like the Typlic except for b with or without e,

Pachic Paleustolls. Paleustolls like the Typic except for ¢ with or without b
or e, or .

Petrocalcic Paleustolls. FPaleustolls like the Typic except for d with or without a.

Udertic Paleustolls. Paleustolls like the Typic except for e and f or b, & and f.

Udic Paleustolls. relesustolls like the Typic except for e.

Vertic Paleustolls. Paleustolls like the Typic except for f or f and b,
- Vermustolls, Ustolls that
1. have no argillic or natric horizon; .
2. have a mollic epipedon,below any Ap,that is 50 percent or more by volume of
worm holes and worm casts or filled animal burrows, and that either rests on
a 1ithic contact or has a transition to the underlying horizon in which 25

percent or more of the material is discrete worm casta or filled animal burrows
from the mollic epipedon and the underlying horiszon.

Typic Varmustolls. Vermuatolls that

a. have a mollic epipedon 50 ¢m (20 inches) of more thick but lesa than 75 cm
(30 inches) thick;

b. have no cambic horizon;

c. have a mollic epipedm,below any Ap,that has a transition to the underlying
horizon in which 50 percent or more of tha volume is worm holes and worm
casts or f11led animsl burrows;

d. have no lithic cemtact within 50 em (20 inches) of the surface;

e. have a mollic epipeden with gramular structuve composed almost entirely
below any Ap of worm holes, worm casts or filled animal burrowas;

f. have no mottles with chromas of 2 or less within 1 m (LO inches) of the
surface,

Entic Vermustolls. Vermuatolls like the Typic except for a and the epipedon is
Tegs than 50 em (20 inches) thick.

Haplic Vernuastolls. Versmstolls like the Typic except for b and ¢ with or witheut
a And the epipedon is less then 75 cm (30 inches) thick,

Lithic Vermmstolls. Vermustolls like the Typic except for d and a with or without
b or c, or both, and the epipedon is less than 75 em (30 inches) thick,

Pachic Vermustolls. Vermustolls like the Typic except for & and the epipedon is
om es) or more thick,

Jerclls. Xerolls are Mollisole that
1. have either: .
aA. mean anmuel soil temperstures of 8°C (47°F) or more, or
b. have a moist chroma of more than 1.5 in some part of the upper 15 cm (6 inches)
of the mollic epipedon and have mean summer soil temperatures at 50 cm (20 inches)

depth or a lithic or paralithic contact, whichever is shallewer, of 15°C (59°F)
or mere if without an O horison, or 8°C (L7°F) or more if with an O horizon;
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Typie Argixerclls--Cont.

h. have base saturation of more than 75 percent throughout the argillic
horizon or the upper 50 em (20 inches);

i. lack the following combination of characteristics:

(1) cracka at gome period in most years that are 1 cm or more wide
at a depth of 50 em (20 1nches¥: that are at least 30 cm (12 inches)
long in some part, and that extend upward to the surface or to the
base of an Ap horizon, and

(2) & cosfficient of linear extensibility (COLE) of 0.09 or more in a
horizon or horizons at least 50 em (20 inches) thick, and & potential
linear extengibility of 6 cm or more in the upper 1 m (LO inchss) of
the soil or the whole scil if a lithic or paralithic contsct iz deeper
than 50 em (20 inches) tut shallower than 1 m (LO inches), and

(3) more than 35 percent clay in horizons that total mors then 50 em
(20 inches) in thickneass within the control section.

Agquic Argixerolla. Argixerolls like the Typiec except for a.

Aquic Caleic Argixerolls, Argixerolls like the Typie except for a and c.

Aquuitic Argixerolls. Argixerolls like the Tniic axcept for .a and h.

Boralfic Argixerolla. Argixerolls like the Typic except for b with or without

¢ or h, or both.

Calcic Argixerolls. Argixerclls like the Typic except for c.

Caleic Lithic Argixerolls., Argixerolls like the Typic except for ¢ and e.

Calcic Pachic Argixerolls. Argixerolls like the Typle except for ¢ and g with

or without a.

Duric Argizerolls, Argixerolls like the Typic except for 4 with or without ec.

Glossaqualfic Argixerolls. Argixerolls like tha 'Iypie. axcapt for a end b with

or out ¢ or h, or both.

Lithic Argixerolls. Argixerolls like the .‘I‘inc except for e.

Lithic Ultic Argixerolls. Argixerolls like the Typic except for e and h.

Natric Argixerclls. Argixerolls like the Typic except for f with or without c.

Pachic Argixerolls. Argixerolls like the Typic except for g with or without a,

Pachic Ultic Argixerolls. Argixerclls like the Typic except for g and h with or
out g. . :

Ultic Argixerolls. Arglixerolls like the Typic except for h,

Vertic Argixerolls. Argixerolls like the Typic except for 1 with or without ¢.

Calcixerolls. Xerolls that

1.

2.

3.

have a calcic, petrocalcle, or gypaic horizon with an upper boundery within
1.5 m (60 inches) of the aoil surface; and

are calcarecus in all parts of all horizons above the calcic, petrocaleic, or
gypsic horizons after ths upper 18 c¢m (7 inches) have basen mixed unloss textures
are coarser than loamy very fine sand; and

have no natric herizon or duripan within 1 m (LO inches) of the soil surface.

(Calcixerclls do not oceur in the U, S. The depth limits suggested for the calcic,
petrocaleic, and gypaic horizons are tentativa. ' .
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Hagloxerolls--cbnt.

3. have no calcic or gypsic horizon with its upper boundary within 1.5 m
(60 inches) of the surface unlesa acme part of some horizon overlying the
caleic or gypsic horizon is free of carbonates after mixing the upper 18 em
(7 inches) and has & texture of loamy very fine sand or finer.

Typic Haploxerolls. Haploxerolls that

&

b.

C.

r.

-
h.

1.

Jl

have no mottles with chromas of 2 or less within 75 cm (30 inches) of
the surface or are not contimously saturated with water for 90 days or
more within 1 m (LO inches) of the surface whers undrained;

have neither:

(1) a calcic horizon or soft powdery secondary lime within a depth
of 1.5 m (60 inches) if the particie-size ¢lass is sandy, 1.1 m
(43 inches) if loamy, and 90 cm (35 inches) 1f clayey, or above
& lithic contact shallower than these depths; nor

(2) increasing saturation with Na plus K with increasing depth within
the depths specified above if without a calcic horizon or soft
powdery secondary lime within the depths specified in (1) above;

have a mollic epipedon less than 50 ¢m (20 inches) thick;

have no brittle horizon 15 em (6 inches) or more thick that is within
1 m (4O inches) of tha surface and that contains some opsl coatings or
some (less than 20 percent by volume) durinodes;

have & cambic horizon or the lower eplpedon meets the requirements of a
cambic horizon excapt for color value, and either the cambic hordzon or
the lower epipedon is free of carbonates in some part;

have a regular decrease in orgenic matter content with depth to a lavel
of 0.5 percent (0.29 percent organic carbon) or less within 1.25 m
(50 inches) of the surface;

have no lithic contact within 50 em (20 inches) of the surface;

have base saturation of more than 75 percent throughout the upper 75 cm
(30 inches) or above a lithie or a paralithic contact,whichever is shallower;

have no mollic epipedon with granuler structure that, below any Ap, has 50
percent or more by volums of worm holes, worm casts, or filled animal
burrows;

lack the following combination of characteriatica:

(1) cracks at some period in most years that are 1 cm or more wide at a
depth of 50 ¢m (20 inches) and that are at lssst 30 cm (12 inches)
long in some part and that extend upward to the surface or t¢ the base
of an Ap horizon, and

(2) a coefficient of linear extensibility (COLE) of 0.09 or more in a horizon
or horizons at least 50 em (20 inches) thick, and a potentisl linear
extensibility of 6 em or more in the upper 1 m (LO inches) of the amoil
or the whole soil if a lithic or paralithic contact is deeper than 50 cm
(20 inchas) but shallower than 1 m (LO inches), and

(3) more then 35 percent clay in horizons that total more than 50 cm
(20 inches) in thickness within the control section.

Aquic Haploxerolls. Haploxerolls like the Typic excapt' for a or a ad e.
Aquic Caleic Haploxerolls. REaploxerolls like the Typic except for a and b.

Aquic Fluventic Haploxerolls. Haploxerolls like the Typic except for a and f with or
out b or e, or .

Aquultic Haploxerclls. RHaploxerolls like the Typic except for & and h with or without e.
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SPODOSOLS: CRDER 6

Spodosols are mineral soilas that have a spodic horizon, or a placic horiton cemented by iron that
overlies a fragipan and that meets all the requirements of a spodic horizon except thicknesa.

Aquods, Spodosols that are either saturated with water at some period or artificially drained
if a placic horizon or duripan is preasent, the soil need not be asaturated below the placic
horizon or duripen) and that have characteristics associated with wetneas, namsly, one or

more of the following:
1. a hiatic epipedon;

2. mottling in an albic horizon or in the top of the spedic horizon;

3. a duripan in the albic horizon;

4. 1if free iron and mangenese are lacking, or if the moist color value is leas than
i in the upper part of the spodic horizon, either: -

a, have no coatings of iron oxldes on the individual grains of =ilt and sand in
the materials in or immediately below the spodic horizon wherever the moist
valus is L or more and unless an Ap horizon rests directly on the apodic
horizon there iz a transition between the albic and spodic horizons at least
1l em in thickness; '

b. have fine or medium mottles of iron or manganeseé in the materials immediately
below the spodic horizon,

Aquods that have no plecic horizon or fragipan but heve a mean annual aoil

Cryaguods.,
%enperature of less than 8°C (LT*F) and a mean summer soil temperature at 50 cm
{20 inches) or at a lithic or a paralithic centact, vwhichever is shallower, of:

1. less than 15°C (59*F) if they are drained and have no O horizon;

2. leas than 8°C (47*F) if they are drained end have an O horizon;

3. less than 6°C (L3*°F) if they are undrained and have an O horizon or & histic
epipedon.

Iypic Cryaquoeds. Cryaquods that

a.
b.

c.

d.
‘8.

b

have ne 1lithic contact within 50 em (20 inches) of the surface;

have & mean annual soll temperature of mora than 0°C (32°F);

have in 50 percent or more of each pedon, a spodic horizon that lacka
sufficient free iron to turn redder on ignition (less than 0.5 percent
in the fine earth fraction expressed as Fe);

have no mottles above the spodic horizen;

have no argillic horizon underlying the spodic horizon;

have a continuous spodic horison that is 10 cm (4 inches) or more thick
or that is very firm when moist,

Lithic Cryaquods. Cryaquods like the Typic except for a.

Pergelic Cryaquoeds. Crysquods like the Typic except for b.
Sideric Cryaquods. Cryaquods 1like the Typic except for ¢ snd d.

uods, Aquods that have an albic horizon that in st least some subhorizon is strongly

Durag

enough cemented or indurated that a'dry fragment will not slake when immersed in water;
have temperatures wermer than those of Cryaquods. (Duraquods are not known to occur
in the United States,)
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Mic Haglaguoda-—Cont.

(1) has L percent or more of organic matter (2.3 percent carbon) in the
upper 2 cm; and that

(2) 1is continuous or is present in more than 90 parcent or each pedon;

¢, have less than § percent by volume of iron-cemented nodules, 2.5 to 30 cm
(1 to 12 inches) in diamster, in any subhorizon of the spodic horizon;

f. have no lithic contact within 50 cm (20 inches) of the mineral soil surface;

g+ have no surface horizon more than 30 em (12 inches) thick that meets all
requiremants of & plaggen epipedon except thickness;

h. have no histic epipedon.

Aeric Haplaquods. Haplaquods like the Typic except for a.

Alfic Haplaquoda. Haplaquods like the Typic except for b, with or without a and d;
and Eave an albie horizon that tongues into the argillic horizon, or have either base
saturaticn of 35 percent or more (by sum of cations) in some part of the argillic
horizon, or & mean annual soil temperature less than 8°C (L7°F).

Arenic Haplaquods. Haplaquoda like the Typie except for a and ¢.

Entic Haplsquods. Haplaquods like the Typic exéapt. for a and d.

Ultic Haplaquods. Haplaquods like the Typic except for a and b; have no albic horizon
that tongues into the argillic horizon, and have base saturation (by sum of cations)
of less than 35 percent throughout the argillic horizon, and have & mean annual soil
temperature of 8°C (L7*F) or more.

Placaquods. Aquods that have & placic horizon that rests on a spodic horizon, a fragipan,
or an alblc horizon that iz underlain by a fragipan., There may be a histic epipedon

at the surface. The horizons above the placic horizon are saturated with water at
somg period and have faint to distinct mottles of low chromas.

Typic Flacaquods. Flacaquods that
a. have a mesn annual soil temperature of more than 0°C (32°F);
b, have no histic eplpedon.

(Placaqgoda occur in southern Alasska, but they are rare elsewhere in the Unitad
States.

Sidersqueds. Aquods that

1. héve gsoll temperatures warmer than those of Cryaquods and have mesan summer and
mean winter soll temperatures at 50 cm (20 inches) that differ by 5°C (9°F) or
more;

2. have one or both of the following:

a. 1in 50 percent or more of each pedon, a spodic horizon that contains
in 41l subhorizons sufficlent free irom to turn redder on ignition
(0.5 percent or more in the fine earth fraction expressed as Fe),

b. &n Ap horizon that has & moist value of more than 3 or a moist chroma
of more thaen 2 and that reats directly on a spodic horizon, or an Ap
horizon that has 0.7 percent or more free iron (expressed as Fe) in the
fine earth fraction; :

3. have no fragipan below the spodic horizon

L. have no duripan or placic horizon above the spodic horizon.
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Humods. Spodosols that

1. are never saturated with water, or do not have characteristics associated with
wotness as defined for Aquods;

2. have one or both of:

a.

b.

in 50 percent or more of each pedon a apodic horizon with a subhorizon that
contains disparsed orgenic matter and aluminum and that lacks sufficient free
iron to turn redder on ignition (less than 0.5 percent in the fine earth fraction
expressed as Fe),

an Ap horizon that has a moist value of 3 or leas and a molst chroma of 2 or less
and that rests directly on a spodie horizon having in its upper part a subhorizen
or some tonguas possessing one or both of:

(1) dispersed organic matter and a moist value and moist chroma of 3 or less;

{2) less than 0.7 percent free iron expressed as Fe.

(Humods probably occur, but have not been studied in the United States; the classification
that follows is incomplete.)

Cryohumods. Humods that

1.

2.

have a mean anmual soll temperature of leas than 8°C (L7°F) and a mean summer
soil temperature at $0 cm (20 inchea) of either less than 15°C (5%°F) if
cultivated or withcut an O horizon or less than 8°C (L47°F) if with an O horizon;

have no fragipan.

{No subgroup definitions are proposed at this tims,)

Fragihumods. Humods that have a fragipan balow the spodic horizon,

(No subgroup definitions are proposed at this tima.)

Haplolumods. (formerly Normihumods) Humods that

1.

2.

have soil temperaturea warmer than those of Cryolumods, and have mean summer
and mean winter soil temperatures at 50 cm (20 inches) that differ by 5°C
9°F) or more;

have no fragipan.

Typic Haplohumods. Haplohumods that

a. have eithar:

(1) a spodie horizon that has 1 percent or more organic matter
(0.58 percent carbon) in the matrix of the first 30 em (12 inches)
below the top of the spodic horizom, or

(2) an upper subhorizon of the spodic horizon that has 5 percent or more
organic matter (2.9 percent carbon) in the upper 2 cm end that is
continuous or is present in more than 90 percent of ths area of each
pedon;

b. have lesa than 5 percent by folume of iron-cemented nodules, 2.5 to 30 ¢m
* {1 to 12 inches) in diamster, in any subhorizon of the spodic horizon;

¢. have no placic horizon in the apodic horizonj
d. have no argillic horizon;

e. have no surfsce horizon more than 30 cm (12 inches) thick that meets all the
requirementa for a plaggen epipedon except thickneas,

Entic Haplohumods. Haplohumods 1ike the Typic except for a.

Ferrudalfic Haplohumods. Haplohumods like the Typic except for b.
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Placohumods. Humods that have a placic horizon in the spodic horizon.(No subgroup

ions are propsed at this time.)

Tropohumods. . Humods that have a mean annusl soil temperature of §°C (L7*F) or higher

and & mesn summer and mesn winter soil temperatures at 50 cm (20 inches) or at a
lithic oz)- paralithic contact, whichever is shallower, thet differ by less than
5*C (9°F).

Typic Mohumédu. Tropohumods that

Ghet PL (pan

Cu

d.

have either:

(1) = spodic horison that has 1 percent or more organic matter (0.58 parcent
carbon) in the matrix of the first 30 cm (12 inches) below the top of the
gpodic horizon, or '

(2) an upper subhorizon of the gpodic horizon that has 5 percent or more
organic matter (2.9 percent carbon) in the upper 2 ¢m and that is
continuous or is present in more than 90 percent of the area of each pedon;

have no argillic horizon;

have no thin (less than S em) subhorizon that iz cemented with iron;

have less than 5 percent by volume of iron-cemented nodules, 2.5 to 30 cm
(1 to 12 inches) in diameter, in sny subhorizon of tha -apodic horizom;
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Aquic Fragiorthods. Fragiorthods like the Typic except for b.

Aquic Entic Fragiorthods, Fragiorthods like the Typic exeept for b and c.
Cryic Fragiorthods, Fraglorthods like the Typic except for d.

Cryohumic Fragiorthods. Fraglorthods like the Typic except for d and e.

Entic Fragiorthods. Fragiorthods like the Typic except for ¢, because of low
organic matter content.

Humic Fragiorthods. Fragiorthods like the Iypic except for e.

Haplorthods., (formerly Normorthods) Orthods that

1. have soil temperatures warmer then those of Cryorthods, and have mean summer and
mean winter soil temperatures at 50 em (20 inches) that differ by 5°C (9*F) or
more;

2. have no fragipan;

3. have no placic horizon above or in the spedic horizon.

Typic Haplorthods., Haplorthods that

&. have no argillic horizon below the spodic horlzon;

b. have a continmuous spodic horizon that is very firm or extremely firm when
moist (ortstein), or that is more than 20 cm (4 inches) thick and has at
least 2 percent organic matter (1.16 percent organic carbon) in the upper
10 cm (L inches);

c. have no distinet or prominent mottles of approximate spherical shape in
the spodic horizon unless the variability in color i3 sssociated with
differences in consistence in such a manner that the redder or darker
portions are extremely firm or very firm;

d. have no chromas of 2 or less with mottles, or chromss of less than 2 with-
out mottles, that are dominant in the matrix within 15 cm (6 inches) of the
base of the spodic horigon but within 1 m (LO inches) of the surface of the
a0il;

e. have no horizon 15 cm (6 inches) or more thick below the spodic horizon
but within 1 meter (4O inches) of the surface that has a brittle matrix
when wet and conteins soms durincdes;

f. have no lithic contact w:lthin 50 em (20 inchea) of the surface;

g+ have no intermittent upper subhoriton that has costinga of dispersed organic
matter and that lacks sufficient free iron to turn redder on ignition (less
. than 0.35 percent in the fine earth fraction expressed as Fe);

h. have less than 10 percent organic matter (5.8 percent organic carbon) in
the upper 10 cm (4 inches) of the spodic horizon;

i. have 2 parcent or more orgsnic matter (1.16 percent organic carbon) in the
Ap horizon if the disturbed layer extends into the upper part of the spodie
horizon.

Alfic Haplorthods. anlorth&da 1ike the Typic except for a or a and b and the argillic
horizon either contains tongues of an albic horizon, or has bass saturation .of

35 percent or more in some part, or has a mean anmual soil temperature of leas
than 8°C (L4L7°F). .

Aqualfiec Haplorthods. Haplorthods 1ike the Typic except for a and ¢, 8 and d, or
8, C, a& d, and the argillic horizon either contains tongues of an albic horison
or has base saturation of 35 percent or more in aome part, or has a wmesn annusl
s0il temperature of less than 8°C (L7°F).
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Aquic Haplorthods. Heplorthods like the Typic except for ¢ or 4, or ¢ snd d.

Aquentie Haplorthods. Haplorthods 1like the Typic except for b and ¢ with or
out d.

Durdic Heplorthods. Haplorthods like the Typic except for e,

Entic Haplorthods. Heplorthods like the Typic except for b, because of thickness or
Tow organic matter content,

Entic Lithie Haplorthods. Haplorthods 1ike the Typic except for f and b because of
thickness or low organic matter content. )

Humic Haplorthods. Hsplorthods like the Typic except for g or h.

Lithic Haplorthods. Haplorthods like the Typic except for £,

Ultic Haplorthods. Heplorthods 1ike the Typic except for &, or a and b, and the
argIEIic horizon has base saturation throughout of less than 35 percent and has
ne tongues of &n albic horizon, and has a mean annual soil temperature of 8°C
(L7°F) or more.

Placorthods. Orthods that have a placic horizon sbove or in the spodic horizon.

(No subgroup definitions are proposed at this time.) .
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Typie Albaqualfs--Cont.

(3) more than 35 percent clay in horizons that total more than 50 cm
(20 inches) in thickness within the control section.

Aeric Albaqualfs. Albaqualfs like the Typic except for a.
Duric H‘Baguaﬂa. Albaqualfs like the Typie except for e.

Mollie Albagualfs, Albaqualfs like the Typic except for 4.

Udollic Albaqualfa. Albaqualfa like the Typic except for a and d.

Vertic Albaqualfs. Albaqualfs like thes Typic except for e.

Fraglaqualfs. Aqualfs that have a fragipan but no natric horizon.
Typic Fragiaquaifs. Fragiaqualfs that

a. have no horizon batween the Al horizon and the fragipan with dominant
chromas of more than 2 in hues of 10YR or redder, or mora than 3 in hues
of 2.5Y or yellower, and accompanied by mottles;

b. have less than 5 percent (by volume) of plinthite in all subhorizons
within 1.5 m (60 inches) of the surface;

¢. have arn ochric epipedon; no Al horizon thicker than 6 inches if its color
value is less than 3.5 when moist; or have an Ap horizon with a moist color
value of l or more, or with a dry color value of 6 or more when crushed
and smoothed. :

Aeric Fragiaqualfs. Fragiaqualfs like the Typic except for a.

Plinthic Fragiaqualfg Fragiaqgalfs 1like the Ol;'pic excgpt fonob g a P ssdV 1Chgp AMEN

e
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Typic Tropaqualfg-~Cont.
(3) moist chromas are 1 or less with or without mottles;

b. lack a layer in the upper 75 c¢m (30 inches) that has a texture finer then
loamy fina sand, that 13 as much as 18 em (7 inches) thick, that has & tulk
density (st 1/3-bar tension) of 0.95 g/cc or less in the fine earth fractionm,
and that has either (1) & ratio of measured clay to 15-bar water (percentages)
of 1.25 or less, or (2) a retio of CEC (at pH near 8) to 15-bar water of more
then 1.5 and more exchange acldity than the sum of bases plus KCl extractable
aluninum; :

¢. have an Al horizon less than 15 c¢m (6 inches) thick if its moist value is
darker than 3.5, or an Ap horizon having @ moist valus of li or more, or a
dry valus of 6 or more when crushed and smoothed.

d, lack the following combination of characteristics:

(1) cracks at soms period in most years that are 1 em or more wide at a
depth of 50 em (20 inches) and that are at least 30 cm (12 inches) long
in soms part and that extend to the base of an Ap or sn slbic horizon, and

(2) a8 coefficient of linear extensibility (COLE) of 0.09 or more in a horizon
or horizons st least 50 cm (20 inches) thick, énd a potential linear
extonsibility of 6 cm or more in the upper 1 m (LO inches) of the soil or
tha whole soil if a lithic or paralithic contect is deeper than 50 cm
(20 inches) but shallower than 1 m (4O inches), and °

(3) more than 35 percent c¢lay in horizons that total mere than 50 ecm (20 inches)
in thicknass within the control section.

Aeric aqualfs. Tropaqualfa like the Typic except for a.
Aeric Mollic aqualfs..  Tropequalfs like the Typic except for a and ¢.
ollic aqualfs, aqualfs like the Typic except for c.

Vertic Tropagualfs. Tropaqualfs like the Typic sxcept for d.

Umbragqualfs, Aqualfs that,
1. have an umbric epipedon but have no fragipan or natric horizen or duripan;

2. have no albic horizon that tongues into the argillic horizon and have no sbrupt
textural change betwaen the albic and argillic horizons;

3. bave mesn summer and mesn wintar soil temparatures at 50 cm (20 inches) that differ
by 5°C (9°F) or more.

Typie Umbraqualfs. Umbraqualfs that

a. lack a layer in the upper 75 ¢m (30 inches) that has a texturs finer than loamy
fins sand, that is as much &5 18 cm (7 inches) thick, that has a bulk density
(at 1/3-bar tension) of 0.95 g/cc or leas in the fine esrth fraction, and that
has either (1) a ratio of measured clay to 15-bar water (percentuges) of 1.25
or less, or (2) a vatic of CEC (at pH near 8) to 15-bar water of more than 1.5
and more sxchange acidity than the sum of bases plus KCl extractable aluminum.

b. lack in the umbric epipedon and horizons above the argillic, soft discrete
. nodules that are 2.5 to 30 em (1 to 12 inchas) in diameter that conatitute more
than § percent of the volums, that are cemsnted by iron, and that are sccompanied
by an irregular or broken upper boundary of the argillic horison.

Andic Umbraqualfs. Umbragquelfs like the Typic except for a.
Boralfs., Alfisols that

1. are not saturated with water at any season or lack the charscteristics associated with
wetness defined for Aqualfsj .
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Udalfs.
1 -

3.

h.

Alfisols

".l‘yp:lc Paleborsalfs—Cont.

e. have base saturation (by NHhOAc) of more than 60 percent in all subhorizons
of the argillic horison; .

f. bave tonguing or interfingering of an #lbic horizon into the argillic horizon;

g. have an Al less than 15 cm (6 inches) thick if the moist coler value i3 less
then 3.5, or an Ap horigon with a moist value of 4 or more, or a dry coler
value of 6 or more when crushed end smoothed.

Abruptic Paleboralfs. Paleboralfs like the Typic except for a.
Aquic Paleboralfs. Paleboralfs like the Typic except for c.
Aquic Cryic Paleboralfs. Paleborsalfs like the Typic except for c and d.

Cryic Paleboralfs. Paleboralfs like the Typic except for d.

Cryic Glossic Paleboralfs, Paleboralfs like the Typic except for d and e.

Cryie Mollic Paleboralfs. Paleboralfs like the Typic except for d and g.

(lossic Paleboralfs. Paleboralfs like the Typic except for e,

Alfisols that

have a mean surmer sojl temperature at 50 cm (20 inches) or above a lithic or parslithic

contact, whichevér ia shallowsr, or 15°C (59°F) or more if cultivated or lacking an
0 hordzon, or 8°C (4L7*°F) or more if with an O horizon; :

are usually moist, and are not dry in most years for as much as 60 conascutive

days
in all parts or 90 cumilative days in soms horizon between 18 and 50 em (7 and 20 inches)

and lack a caleic horizon or a horlzon with soft powdery secondary lime in or within
50 em (20 inches) below the base of the argillic horizong

are not saturated with water at any period or lack the cheracteristica associated
with wetness defined for Aqualfs;

lack an alblic horizon that is contimuous, that has dominant moist and dry chromas of
2 or lese in the matrix of some subhorizon, and that tongues or interf: rs into an

argillic or natric horison, or have a mean snmual soil temperature of 8°C (L7°F) or more.

Agrudalfe, Udalfs that have an agric horizon. (These moils are not known in the United
’ - *

Ferrudalfs. Udalfs that

1-
2.

3.

5.

have no agric or natric hordizon, or fragipan;

have no contirmous albic horizon that has dominent chromes of 2 or less in the
matrix of soms subhorizon above the argillic horizon;

have a broken upper boundary of the ergillic horiszon;

have diascrets nodules in the argillic horizon that range from 2.5 to 5 em (1 to
2 inches) up to about 30 cm (12 incheas) in diameter; exteriors of nodules are
enriched and weakly cemsnted or indurated with iron and have redder hues or
stronger chromas than interiors of nodules; .

have mean summer and mean winter soil temperatures at 50 em (20 inches) or a
lithic or & parslithic dontact, whichever is shallower, that differ by 5°C
(5°F) or more, . : '

(Typicelly textures ars sandy snd the argillic horizon conaists of nodules arranged
like broken lamellse. These soils have not been identified in the United States. The
nodular, broken argillic horizon has oftan been confused with mottling,)

Fragiudalfs, Udalfs that

1.

have & fragipsn;
have no agric horison.
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Typic Fragiudalfs. Fragludalfs that

#. have no mottlas with chromas of 2 or less within the upper 25 em
(10 inches) of the argillic horizom;

b. lack a layer in the upper 75 em (30 inches) that has a texture finer than
loamy fine sand, that is as much as 18 em (7 inches) thick, that has a bulk
density (at 1/3-bar tension) of 0.95 g/ec or less in the fine earth fraction,
and that has eithar El) & ratio of measured clay to 15-bar water (percentages)
of 1.25 or less, or (2) a ratio of CEC.(at pH near 8) to 15-bar water of more
than 1.5 and more exchange acidity than the sum of bases plus KCl extractable
aluminum, .

c. have an argillic horizon above the fragipan;

d. have an Ap horizon with moist color value of Ui or more or with a dry color
value of 6 or more, crushed and smoothed; or an Al hordizon with a moist color
value of more than 3,5 if thicker than 15 cm (6 inches);

e. have a fragipan that has a brittle matrix in at least 70 percent of the crosa
section of the moat strongly cemented subhorizong

f. have in the subhorizon directly above the fragipan, ped coatings that hava
dominant molst chromss of 3 or more; or if pad coatings consist of clean silt
and sand grains (skeletans), with chromas of 2 or less, the coatings sre less
than 1 mm thicky

g. have no albic horizon tonguing into the argillic horizon from above.
Albaquic Fragiudalfs. Fragiudalfs 1ike the Typlc except for a, and within 3 inchea

vertical distance at the top of the argillic horizon, have a clay increass of more
than 15 percent of the fine earth fraction.

Aqueptic Fragiudalfs. Fragiudalfs like the Typic except for s and f, with or without
¢, and between the fragipan and the Al or Ap, have & horizon with dominant chromas
of 3 or more and mottles of 2 or less.

Aquic Fragiudalfs. Fragiudalfs like the Typle axcept for a.

Dystrandeptic Fragivdalfs, Fragiudalfs 1ike the Typic except for b, ¢ and d and the
epipsdon meets all requirements for an umbric epipedon except thickneas,

Olossic Fragiudalfa. Fragiudalfs like the Typic except for g, with or without f£.

Mollic Fragiudalfs. Fragiudalfs like the Typic except for b.

Ochreptic Fragiudalfs. Fragiudalfs 1like the Typic except for f, with or without ¢
and have a horizon between the fragipan and the Al or Ap that

(1) 1s 25 em (10 inches) or more thick;
(2) has chromas of 3 or more in the matrix;
(3) has no mottles with chromas of 2 or less in the upper 25 cm (10 inches).
i!mbre tic Fragiudalfs., Fragiudalfs like the Typic except for ¢ and d and the
epipedon meets all requirements for an umbrile epipedon except thickness.
Gloasudalfs. Udalfs that

1. have an albic horizon (or other eluvial horigon with clean silt or sand grains
(skeletans) as ped costings) that tongues into the argillic horizon;

2, have no diucra.te_nodulaa 2.5 t0 30 em (1 to 12 inches) in size in the argillic’
. horizon with exteriors enriched, weakly cemented, or indursted with iron;

3. have mean surmer and mean winter soil temperatures at 50 cm (20 inches) or a
lithic or & paralithic contact that differ by 5°C (9°F) or. more;

4. have no natric or agric horizons, and no fragipan,






Alfisols m

Typic Hapludalfs--Cont,

6. have no interfingering of an albic horizon into the upper argillic horizon
with the albic horizen surrounding some peda; FP B ?

f. have no 1ithic contact within 50 cm (20 inches) of the amurface;

g+ have an Ap horizon with a moist color velus of 4 or more or with a dry coler
value of 6 or more (crushed and smoothed), or the A1 horizon is less than
15 cm (6 inches) thick if its molst value is lower than 3.5;

h. have exchangesble sodium less than 10 percent of the cation exchangs capacity
throughout the argillic horizonj

i. have an argillic horizon that is continuous horizontally, that is continucus
vertically for at least the upper 20 cm (B inches), snd haa & texture finer
than loamy fine sandj

J. have bame ssturation (by sum of cations) of more than 60 parcent at e depth
of 1.25 m (50 inches) below the top of the argillic horizon;

k. lack the following combination of chsracteristics:

(1) eracks st some period in most yesrs that are 1 ¢cm or more wide at a
depth of 50 em (20 inches) and that are at least 30 cm (12 inches) long
in soms part that extend to the surface or to the base of an Ap horizon; and

(2) a coafficient of linesr extensibility (COLE) of 0.09 or more in a horizon
or horizons at least 50 cm (20 inches) thick, and & potentisl linear
extengibility of 6 ¢m or more in the upper 1 m (LO inches) of the soil or
the whole soil if a lithic or paralithic contact iz deeper than 50 cm
(20 inches) tut shellower than 1 m (4O inches); and

(3) more than 35 percent clay in horizons that total more than 50 cm (20 inches)
in thickness within the control section.

Albaquic Hapludalfs, Hapludalfs like the Typic except for a and c.

' Andic Hapludelfs. Hapludelfs like the Typic except for b.
Andie Glossoborie Hapludalfs, Hapludalfs like the Typic except for b and e,

Andic Mollic Hapludalfs. Hapludalfas like the Typic except for b and g.

Andic Mollic Glossoboric Hapludalfa, Hapludalfs like the Typic except for b, e and g.

Aquic Hapludalfs. Hspludalfs like the Typic except for ¢ or c and J.
Aquic Arenic Heapludalfs, Hapludalfa like the Typic except for c and d.

Aquic Lithic Hapludalfs, Hapludslfs like the Typic except for ¢ and f.

Aquollic Hapludalfs. Hapludalfs like the Typic except for ¢ and g.
Arenic Hapludalfs, Hapludalfa like the Typic except for d.

(Gloasaquic Hapludalfs. Hapludalfs like the Typic except for @ and ¢, or e, ¢ and g.

Olossoboric Hapludslfs. Hapludalfs like the Typic except for e or e and g.

Lithic Hepludalfs. Hapludalfs 1ike the Typic except for f.

Lithic Mollic Hapludalfs. Hapludalfs like the Typic except for f and g.

Mollic Hapludalfs. Hapludalfs like the Typic except for g.

Natraquic Hepludelfs, Hapludalfs 1ikes the Typic except for ¢ and h.
Natraboric Hapludalfs. Hapludalfs like the Typic except for h and e.
Natriborollic Hapludalfs, Hapludalfs 1ike the Typlec except for g, e and h,

Psammontic Hepludaifs. Hapludalfs like the Typic except for 1 or d and 4.
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Ustalfs.
10
2.

3.

Alfisols

Typic Tropudalfs. Tropudalfs that
a. have no 1ithic contact within 50 em (20 inchas) of the surface;

b. hsve no mottles with chromas of 2 or less within 75 cm (30 inchas) of the
soil surface providing color is not due to uncoated gralns of ssnd. If
color is due to uncoated grains of sand, no mottles with chromas of 2 or
less in the upper 12.5 em (5 inches) of the argillic horizon;

¢. have no layer in the upper 75 (30 inches) that has a texture finer than
loamy fins send, that is as much as 18 em (7 inches) thick, that has a bulk
density (at 1/3-bar tension) of 0.95 g/cc or less in the fine sarth fraction,
and that has either (1) a ratic of measured c¢lay to 15-bar water (percentages)
of 1.25 or leas, or (2) a ratio of CEC (at pH neer 8) to 15-bar water of more
than 1.5 and more exchange acidity than the zum of bases plus KCl extractable
aluminum;

'ds have no sbrupt textural change if there are mottles in the upper 25 cm
(10 inches) of the argillic horizon;

e. have textures finer than loamy fine sand in some subhorizon within 50 em
(20 inchea) of the surface;

f. have an Ap horizon with a moist color value of L or more or with a dry color
valus of & or more (crushed and smoothed), or the Al horizon is less than
15 em (6 inches) thick if its moist value is lowsr than 3,53

g. have an argillic horizon that is continuous horizontslly, that 1z contimious
vertically for at least the upper 20 cm (B inches), and has a texture finer
than loamy fine sand; : '

h. have base saturation (by sum of cations) of more than 60 percent at a depth
of 1,25 m (50 inches) below the top of the argillic herizon;

i. have more than 2l meq. CEC/100g clay (by NH)0Ac) and have a cation retention
from NH,C1 of more than 12 meq/100g clay in the major part of the argillic
horizon.

Lithic Tropudslfs. Tropudalfs .15.ke the Typic except for a.

Alfizols that
have soil temperatures higher than those of Boralfs;

are not saturated with water at any perlod or lack the charactaristics assoclated with
wetness defined for Aqualfs;

are not contimuéusly dry in all parts of the soil betwaen 18 em (7 inches) and 50 ¢m
(20 1inches) or a lithic or & paralithic contact shallower than 50 cm (20 inches) or in
the subhorizon irmediately above a lithic or a paralithic contact shallower than 18 em
(7 inches) for as long as 60 consecutive days in more then 7 out of 10 years unless
the mean annual soil temperature is 22°C (72°F) or higher, or the mean summer and mean
winter soil temperatures at 50 cm (20 inches) depth or at a lithic or a paralithic
contact, whichaver is shallower, differ by less than 5°C (9°F), or both, and have one
or more of tha following: .

a, dry for 90 cumulative day® or more in most years in soma subhorizon(s) of the
s0il betwsen 18 and SO ¢m (7 and 20 inches) or above a lithic or a paralithic
contact shallower than 50 cm (20 inches),

b. base saturation (by Nl&OAc) of 80 percent or higher in all parts of the soil above
a lithic or a paralithic contact that occurs within 50 cm (20 inches) of the surface,

¢. within 1.5 n (60 inches) of the soil surface or within 50 cm (20 inches) below the
base of an argillic horizon, either a calcic horizon er a horizon with concentra-
tions of soft powdery 1ime in spheroidal forms, as coatings on peds, or disseminated
in clay size particles, * :

d. 1o natric horizon but incressing saturation with Na plus K within 1,25 m (50 inches)
of the surface if particle-size claas is ssndy, 90 em (35 inches) if loamy, &nd -
75 em (30 inches) if clayey.

« If the lims is disseminated, the horiron(s) in which the lims is concentrated should have
more 1lime than the underlying horizon and should have the maximum percentage of clay-sized lime.
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Alfisols

Ustalfs that have a duripan within 1 m (LO inchea) of the surface,

Typie Durustslfs, Durustalfs that

bl

C.

have a messive platy or prismatlc durlpan thet is indurated in some subhorizon
or haa more than half of its upper boundary indurated and coated with opal

or opal and smesquioxides;

have no mottles with chromas of 2 or less in the argllllc horlzon;

have an argillic but not a natric horizon.

Haplic Durustalfs. Durustalfs like the Typic except for a and have sn argillic

horizon that has either less than 35 percent clay in all parts or hss less then
1S percent clay increase within a vertical distance cf 2.5 cm (1 inch) at the
upper boundary of the arglllic horizon. :

Natrie Durustalfs. Durustalfs like the Typic except for e,

Haplustalfs,

1.

5.

6.

Ustalfs that

have an argillic horizon but no natric horizonj

have no duripan with 1ts upper toundary within 1 m (4O inches) of the surface;

have no petrocaleic horlzon with its upper boundary within 1.5 m (60 inches) of
the surface;

have no plinthite that forms a continmuocus phase or constitutes more than half of
the matrix within any subhorizon of the argillic horizon within 1.25 m (50 inches)
of the aoil surface;

have an argillfic horizon that has colors in hues no redder than SYR, or that has
moist values of L or more, or dry velues more than 1 unit higher than moist values;

have an argillic horizon that has:

b.

a clay distribution such that the content of clay decreases from the maximum
by more than 20 percent of that maxirum within a depth of less than 1.5 m
(60 inches) from the surface if:

(1) hues are redder than 10YR and chromas sre more than 4 in the matrix; or

(2) there are common coaras mottles with hues of 7.5YR or redder or chromas
of more than 5; end

a sandy or loamy particle-size class in the upper part or an increase of
lesx than 20 percent clay (absolute) within a vertical distance of 7.5 cm
(3 inches) or 15 percent within 2.5 em (1 inch) st the upper boundary.

Typic Haplustalfa, Haplustalfs that

-

b.

[

dl

have no mottles with chromas of 2 or less within 75 cm (30 inches) of the
gurface;

have textures finer than loemy fine sand in some subhorizon within 50 em
(20 inches) of tha surface; : '

have no lithic contact within 50 em (20 inchas) of the surface;

have CRC of more than 2l meq/100g clay (by NHjOAc), and have a cation retenticn
from NH, Cl of more than 12 meq/100g clay in tke major part of the argillic
horizon. (See Oxic horizen for definition of cation retention,)

have an srglllic horizon that is continuous horizontally, that is continucua
vertically for at least the uppar 20 cm (8 inches), 1s not corposad entirely
of lamellae, and has a texturs finer than losmy fine sand;
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Alfisols

Paleustalfs, Ustalfs that

1.

3.

have a petrocalcic horizon with its upper boundary within 1.5 m (60 inches)
of the surface or have an argillic horizon that has one or both ofi

a. a vertical clay distribution such that the clay does not decrease from the
maximum by as much as 20 percent of that maximum within a depth of 1.5 m
(60 inches) from the surface and one or both of:

(1) hues redder than 10IR and chromss of more then L in the matrix,

(2) common coarse mottles with hues of 7.5YR or redder or chromas of
more than 5, or

b, & particle-size class that is clayey in the upper part and an increase of
at least 20 percent clay (abaclute) within a vertical distance of 7.5 em
(3 inches) or 15 percent clay (absolute) within 2.5 em (1 inch) st the

upper boundary;
have no duripan within 1 m (kO inches) of the surface and no natric horizon;

have no plinthite that forms a continuous phase or constitutas more than helf
of the matrix within any subhorizon of the argillic horizon within 1.25 m

(50 inches) of the soil surface;

Typic Paleustalfs, Paleustalfs that

b.

.f.

have no mottles with chromas of 2 or leass within 75 cm (30 inches) of the
soil surface providing color is not due to uncoatsd grains of sand, If
color 1s due to uncoated grains of sand, no mottles oceur with chromas of
2 or less in the upper 12.5 cm (S inches) of the argillic horizen;

have texturez finsr than loamy fine sand in some subhorizon within 50 cm
(20 inches) of the surface;

have less than 5 percent plinthite by volume in all subhorizons within
1.5 m (60 inches) of the soil surface;

have either or both oft

(1) a calcic horizon, or soft powdery secondary lime within a depth of 1 m
(4O inches) 1f particle-size class is sandy, 70 c¢m (28 inches) if loamy,
and 60 em (24 inches) if clayey, or

(2) increasing saturation with Na plus K with incressing depth within 1.25 m
(50 inches) if the particle-size claas is sandy, 90 cm (35 inches) if '
loamy, and 75 em (30 inches) if clayey;

have an argillic horizon with base asturation (by asum of cations) of 75 percent
or more in some partj

lack the following combination of characteristics:

(1) cracks at some period in most years thet are 1 cm or more wide at a depth
of 50 cm (20 inches), that are at least 30 cm (12 inches) long in some
part, and that extend upward to the surface, or to the base of an Ap
horizon, and

(2) a coefficient of 1linear extensibility (COLE) of 0.09 or more in a horizon
or horizons at least 50 cm (20 inches) thick, and a potential linear
extensibility of 6 cm or more in the upper 1 m (LO inches) of the soil or
the whole soil 1f a lithic or paralithic conteet is deeper than 50 cm
(20 inchas) but shallewer than 1 m (LO inches), and

(3) more than 35 percent clay in horizons that total more than 50 cm
(20 inches) in thickness within the control sections

have no petrocelcic horizon with its upper boundary within 1.5 m (60 inches)
of the soll surface;
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Mollic Palexsralfs. Palexeralfs like the Typic except for c.

Petrocalcic Palexeralfs. Palexeralfs like the Typlc except for e, or e and g.

Ultic Palexeralfs. Palexeralfs like the Typlc except for f and g, with or without c..
Plinthoxeralfs, Xeralfs that have plinthite that forms a continuous phase or that

constitutes more than half of the matrix within some subhorizon of the argillic

horizon within 1.25 m (50 inches) of the seil surface.

(Subgroups not developed)

Rhodoxeralfs., Xeralfs that have an argillic horizon thet in all parts has colors in hues
redder n SYR and moist values of less than L and dry valuea no more than 1 unit
higher than moist veluea; and that do not have a natric horizon or a duripan.

Typic Rhodoxeralfa. Rhodoxeralfa that

a, have an argillic horizon more than 15 em (6 inches) thick and that ia
continuous in each pedon;

b. have noe lithic contact within 50 cm (20 incheu) of the surfacej

c. have more than 2L meq cation exchangs capacity per 100 g clay (by NHyOAc)
and the cation retention from NH)Cl is more than 12 meq per 100 g clay in
the major part of the argillic horizon;

d. have no patrocalcic horizon within 1.5 m (60 inches) of the surface.
Lithic Rhodoxeralfs. Rhodoxeralfs like the Typic except for b,

Oxic Rhodoxeralfs., Rhodoxeralfs like the Typic except for c.

Petrocaleic Rhodoxerslfs. Rhodoxeralfs like the Typic except for d.
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ULTISOLS: ORDER 8

Ultiscls are mineral soils that
1. have one of the following combinations of characteristics:

&. have an argillic horizon but have no fragipan and have base saturation (by sum of
cations) of less then 35 percent at 1.25 m (50 inches) below tha upper boundary of
the argillic horizom, or 1.8 m (72 inches) below the soil surface, or above a lithic
or a paralithic eontact, whichever is shallower, or

b. have & fragipan that

(1) mests all of the requirements of an argillic horizon or that has clay skins
more than 1 mm thick in soms part, and :

(2) has base saturstion (by sum of cations) of less than 35 percent at a depth
of 75 cm (30 inchea) below the upper boundary of the fragipang

2. have a mean annual soil temperature of §°C (L7°F) or higher, snd if mean summer and
mean winter 30il temperatures at 50 cm (20 inches) or at & lithic or a paralithic contact,
whichever is shallower, differ by 5°C (9°F) or more, have mean summer acil temperatures
of 15°C (59°F) or higher if without an O horizon, or of 8°C (L7*F) or higher if with an
0 horizon;

3. hava no spodic horizon, and no oxic horizon unleas it underlies an argillic horizen;

L. have no plinthite that forms a contimious phase within 30 cm (12 inches) of the surface.

Aquults. Ultiscls that sre elther saturated with water at some sesson or are artificially drained,
and that have characteristics associated with wetness, namely: mottles, iron-manganese
concretions larger then 2mm or has molist chromas of 2 or less immediately below any Ap
or Al horizon that has moist values of less than 3.5 when rubbed, and have one of the
following:

1, dominant moist chromas of 2 or leas in coatings on the surface of peds accompanied by
mottles within the peds, or dominant moist chromas of 2 or lass in the matrix of the
argillic horizon accompanied by mottles of higher chromas (if hues sre redder than 10TR
because of parent materlals that remain red after ecitrate-dithionite extraction, the
requirement for low chromas is waived); or

2, molst chromas of 1 or less on surfaces of peds or in the matrix of the argillic horizon.

Fragiaquults. Aquulta that have a fragipsn but have no plinthite that forms a contimious
pﬁaa or constitutes more than half of the matrix within 1.25 m (50 inches) of the
purfacae,

Typle Fragiaquults. Fragiaquulta that

a. have an ochric epipedon;

b. have mottles, and chromas of 2 or less in all horizons between the fragipan
and the Al or Ap horison;

¢. have less than 5 percent plinthite in any horizon within 1.5 m (60 inches)
of the surface. )

Flinthic Fragisquults. Fraglaquults like the Typic except for c.
Flinthudic Fragisquultas. b"rlginquulta 1like the Typic except for b and c.

Ochraquults. Aquults that
1. have no fragipan;
2. have an ochric epipedon;

3. have mean summer and mean winter soil temperatures at 50 cm. (20 inches) that *
differ by 5°C' (9*F) or more;
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Ochraﬂults--()ont.

k. have no plinthite that forms a contimuous phage or constitutes more than half
of the matrix in all subhorizons within 1.25 m (50 inches) of the surface.

Typic Ochraquults. Ochraquults that

a, (1) 4if mottled, have in 60 percent or more of the mass between the Al
or Ap and 75 em (30 inches) one of the following:

(a) 4if hues are 2.5Y or redder and moist valuea are more thﬁn
5, moist chromas are 2 or less, or if values are 5 or lass,
chromas are less than 2,

(b) 4f hues are yellower than 2.5Y, moist chromas sre 2 or less,
(c) chromas are 1 or less with or without mottlas;

(2) have no horizon with dominant chromas of 3 or mors within 75 cm
(30 inches) of the surfaca;

b. have textures finer than loamy fine mand in some subhordzon within 50 em
{20 inches) of the surface;

c. have less than 5 percent plinthite in any horizon within 1.5 m (60 inches)
of the surface;

d. have no lithic contact within SO cm (20 inches) of the surface;

&, have no layer in the upper 75 em (30 inchea) that has a texture finer than
loamy fine sand, that is ss much as 1B cm (7 inches) thick, that has a tulk
density (at 1/3-bar tension) of 0.95 g/cc or less in the fine earth fraction,
and that has either (1) a ratio of maasured clay to 15-bar water (percentages)
of 1.25 or leas, or (2) a ratio of CEC (at pH near 8) to 15-bar water of more
than 1.5 and more exchange acidity than the sum of bases plus KC1 extractable
alumirmm,

Aeric Ochraquults. Ochraquults like the Typiec except for a.

Arenic Ochraquults. Ochraquults like the Typiec except for b with or without a, and
- have textures as coarse or coarger than loamy fine sand throughout the upper 50 em
(20 inches) but not extending below 1 m (LO inches). ’

Arenic Plinthic Ochraquults. Ochraquults like the Typle except for b and ¢ with or
without™a, and hdve fextures as coarse or coarser than loamy fine sand throughout
the upper 50 cm (20 inches) but not extending below 1 m (LO inches).

Grossarenic Ochraquults. Ochraquults like the Typic except for b with or without a,
and have textures as cosrse or coarser than loamy fine send extending to more
than 1 m (LO inches).

Flinthic Ochraquults. Ochraquults like the Typic except for c.

Flinthaquults., Aquults that have plinthite thet forms a continucus phass or constitutes
mm-: than half of the matrix of soms subhorizon within 1.25 m (50 inches) of the
gurface, . :

Typie Plinthaquulta, FPlinthaquulta that

a. have mora than 2l meq CEC/100 g ¢ley (by NH4OAc) and have a cation retention
from NH,C1 of more than 12 meq/100 g clay in the major part of the argillic
horizon (sees Oxic horizon for definition of catlion retention);

b, have plinthite that forms a contiruous phase in or belew the argillic herizon.
Oxic Plinthaquults, FPlinthaquults 1ike the Typic except for a.

Tropaquults. Aquults that

1. have no plinthite that forms a contimious phase or constltutea more than half
of the matrix of any subhorizon within 1.25 m {50 inches) of the surface;

2. have a mean anmal soil temperature of 8°C (L47°F) or more and have mean summer
and mean winter goil temperatures at 50 cm (20 4nches) or at a lithic or para-
lithic contsct, whichever is shallower, that differ by less than 5°C (9’F§.
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Haplohurmlts--Cont.

b, an argillic horizon with 10 percent or more weatherable minerels in the
20 to 200 micron fraction of the upper 1 m (4O inchaa).

Typic Heplohumlts. Haplohunmlta that

a. have no layer in the uppsr 75 cm (30 inches) that has a texture finer than
loamy fine sand, that is as much ag 18 c¢m (7 inches) thick, that has a bulk
density (at 1/3-bar tension) of 0.95 g/cc or less in the fine earth fraction,
and that has either (1) a ratio of measured clay to 15-bar water (percentages)
of 1.25 or less, or (2) a ratio of CEC (at pH near 8) to 15-bar water of more
than 1.5 and more exchange acidity than the sum of bases plus KCl extractable
gluminum;

b. are naver dry between 18 and 50 em (7 and 20 inches) in more than 7 cut of
10 years for ag much ag 60 consecutive days;

¢, have no mottles with chromas of 2 or less within the upper 25 cm (10 inches)
of the argillic horizon;

d. have no lithic contact within 50 em (20 inches) of the mineral soil surfacs.

Andic Haplohumulta. Haplohbumults like the Typic except for a.

Xeric Haplohurmilts. Haplohumulta like the Typic except for b.

Paleshumults, Humlts that

1. have an argillic horizon that: in the upper 1 m (40 inches) has lesa than 10 per-
cent weatherable minerals in the 20 to 200 micron fraction; &nd

2. have a clay distribution such that the percentage of clay does not decresse from
its maximum amount by more than 20 percent of that maximm within 1.5 m (60 inchas)
of the soll surface, or the layer in which the percentage of clay decreases shows
skeletans, or other evidences of clay eluviation.

" Typic Palehumults, Palehumults that

a, have more then 2l meq CEC/100g clay (by NHLOAc) and have a cation retention
from NHCl of more than 12 meq/100g clay in the major part of the argillic
horizon;

b. have no mottles with chromas of 2 or less within the upper 25 em (10 inches)
of the argillie horizon; .

c. are never dry between 18 and 50 ecm (7 and 20 inches) in more than 7 out of
10 years for as much as 60 consecutive days;

d. hasve no layer in the upper 75 cm (30 inches) that has a texture finer than
loamy fine sand, that is as much as 18 ocm (7 inchea) thick, that hes a bulk
density (at 1/3-bar tension) of 0.95 g/cc or less in the fine sarth fraction,
and that has either (1) a ratio of measured clay to 15-bar water (percentsges)
of 1.25 or less, or (2) a ratio of CEC (at pH near 8) to 15-bar water of mors
t.gan 1.5 and mors exchange acidity than the sum of bases plus KCl extractable
aluminum.

Humoxic Palehurmlts. Palslumlts like the ic exceapt for a, and have & mean annual
201l temperature of less than 22°C (72°F). '

Orthoxic Palehummlts. Palehumults 1like the Typic except for a, and either the mean
annual soll temperature is 22°C (72°F) or higher, or the acils are dry in soma
horizon between 18 and 50 cm (7 and 20 inches) in nost years but are not dry
for 60 consecutive days or more.

Xeric Palehummlts. Pelahumlts like the Typic except for ¢, and have mean sunmer and
mean winter soil temperatures at 50 em (20 inches) that differ by 5°C ($°F) or
more, and mesn annual soll temperatures of less than 22°C (72°F).
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Ultisols

Piinthic Ochreptic Fragiudults. Fragiudults like the Typic except for e and a with or
without b and have between the fragipan and the surface a horizon 25 em (10 inchesa)
or more thick that has:

Hapludulta.

(1) chromas of 3 or more in the matrix, \
(2) no mottles with chromas of 2 or less in the upper 25 cm (10 inches),
(3) very few or no clay skins.

(formerly Normdulte) Udults that

1, have no fragipan;
2. have no plinthite that forms & continuous phase or constitutez more than half

of the matrix in any horizon within 1.25 m (50 inches) of the surface;

3, have a moist color value of )i or more in some part of the epipedon, or have an
argillic horizon that has a dry color valus of 5 or mere in some subhorizon, or

a moist color value of 4 or more;

L. have mean summer and mean winter soil temperatures at 50 cm (20 inches) or at a
lithic or paralithie contaet, whichever is shallower, that differ by 5°C (9°F)

or more; .

5. have either or both:

2. clay distribution with depth such that the psrcentage of clay decreases
from its muximum smount by more than 20 percent of that maximum within 1.5 m
(60 inchea) and the layer in which the percentage of clay decreases does not
show evidences of clay eluviat:lon‘,

b. a&n argillie horison with 10 percent or more weatherable minersls in the

. 20 to 200 micron fraction of the upper 1 m (LO inches).
Typic Hepludults. ' ‘

a. have no layer in the upper 75 ecm (30 inchea) that has & texture finer than
losmy fine sand, that is as much as 18 cm (7 inches) thick, that has a tulk
density (at 1/3-bar tension) of 0.95 g/ec or leas in the fine earth fraction,
and that has either (1) a ratio of measured clay to 15-bar water (percentages)
of 1.25 or less, or (2) a ratio of CEC (at pH near 8) to 15-bar water of more
than 1.5 &nd more axchange acidity than the sum of bases plus KC1 extractable
aluminum; )

b, have no mottles with chromas of 2 or less in the upper 60 cm (2} inches)
of the argillie horizon; :

¢. have teiturea finer than loamy fine sand in some subhorizon within 50 cm
{20 inches) of the surface; _ _

d. have an argillic horizon thicker than 25 cm (10 inchas);

e, have an Ap horison with a moist color value of L or more or with a dry value
of 6 or more crushed snd smoothed ™ or the Al horigzon is less than 15 cm
(6 inches) thick if its moist color value is lower than 3.5

f. ha;r.; no lithic contact within 50 em (20 inches) of the surface of the minersl
a0il; )

g hava texturss finer than lommy fine sand in some part of the argillic horisenm,
and have an argillic horizen that in at least its upper 25 cm (10 inches) has
no lamellae; )

h., lack the following combination of characteristica:

(1) cracks at soms pariod in most ysars that are 1 cm or more wide st a dapth
of 50 cm (20 inches), that are at least 30 cm (12 inches) long in some
part, and that extend upward to the surface or to the base of an Ap
horizeon, and

* Use Inife and smooth twv eliminate shadows.
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(2) a coefficient of linear extensibility (COLE) of 0.09 or mors in a
horizon or horizona at least 50 cm (20 inches) thick, and a potential
linear extensibility of 6 cm or more in the upper 1 m (4O inches)
of the soil or the whole so0il if a lithic or paralithic contact is
deeper than 50 cm (20 inches) but shallowar than 1 m (4O inches), and

(3) more than 35 percent clay in horizons that total more than 50 cm
(20 inches) in thickness within the control sections;

i. have no interruptions of the argillic horizon by ledges of bedrock within
esach pedon;

Andic Hapludults. Hapludults like the Typic except for a.
Aquic Hapludults. Hapludults like the Typic eicept for b.
Arenic Hepludults. Hapludults like the Typic except for ¢, or ¢ and d.

HBumic Hapludults. Hapludults 1like the Typic except for e.
Lithic Hapludults. Hapludults like the Typic except for f.

Ochreptic Hapludults., Hapludults like the Typic except for d.

Paammentic Hapludulta., Hapludults like the Typic except for g, or g and c.

Vertic Hapludults. Hapludults 1ike the Typic except for h, with or without b,

Paleudults, Udults that
1. have both of the following:
a, an argillic horizon that in the upper 1 m (4O inches) has less than 10 parcent
weatherable minerals in the 20 to 200 micron fraction, and
b, a clay distribution such that the percentage of clay does not decrease from
ita maximum amount by more than 20 percent of that maximum within 1.5 m
(60 inches) of the soil surface, or tha layar in which the percentage of clay
decreases shows skeletans or other evidences of clay eluviation;
2. have no fragipan;

3. have no plinthite that forms a continuous phase or constitutes mors than half of
the matrix within 1.25 m (50 inchea) of the surface.

{

Typic Paleudults. Paleudults that

&, have no mottles with chromas of 2 or less within 75 cm (30 inches) of the

' soll surface providing color 1s not due to uncosted grains of sand. If
color is due to uncoated grains of sand, no mottles occur with chromas of
2 or less in the upper 12.5 em(S incheas of the argillic horizon;

" b. have textures finer thasn loamy fine sand in some subhorizon within 50 em
(20 inches) of the surface;

¢. have no subhorizen with more than S percent plinthite nodules within 1.5 m
(60 inches) of the surface;

d. have an Ap horizon with a moist color value of L or more or with a dry value
of & or more crushed and smoothed * or the Al horizon is less than 15 cm
(6 inches) thick if its moist color value is lowsr than 3.5;

e. have textures finer than loamy fine sand in some part of the argillic .

horizon and have no lamsllae in at least the upper 1 m (LO inches) of the
argillic horizon

Aquic Paleudults. Paleudults like the Typic excapt for a.
Aquic Arenic Paleudults., Faleudults like the ic axcept for a and b and have a
sandy epipedon 50 em to 1 m (20 to 4O inchas) thick.

* Use knife and smooth to eliminate shadows.
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d. have no mottles with chromas of 2 or less in the upper 25 em (10 inches)
of the argilliec horizen.

Ruptic-Lithic Haplustults. Haplustults like the Typic except for a and b,

Palesustults, Ustults that

1.

have both of the following:

a. an argilliec horizon that in the upper 1 m (LO inches) has less than 10 percent
weatherable minerals in the 20 to 200 micron fraction, amd . .

b. a clay distribution such that tha percentage of clay dosa not decraase from
its meximum amount by mora than 20 percent of that maximum within 1.5 m
(60 inches) of the soil surface, or the layer in which the percantage of c¢lay
decreases shows skeletans or other evidences of elay eluviation;

have & moist color value of lj or more in some part of the epipedon, or have an
argillic horizon that has a dry color value of S or more in soms subhorizon or
a moist color of L or more;

have no plinthite that forms a continuous phase or constitutes more than half
of the matrix within 1.25 m (50 inches) of the murface;

have no fragipan.

Typic Paleustults. Paleustults that

4. have no mottlez with chromas of 2 or less within 75 em (30 inches) of the
surface;

b. have textures finer than lcamy fine sand in some subhorizon within 50 cm
(20 inches) of the surface;

¢. have no horizona with more than 5 percent soft plinthite nodules within
1.5 m (60 inches) of the surface;

d. have an irregular upper boundary of the argillic horizon unless an Ap
rests directly on 1t or the argillic horizon im exposed at the surface.

Aquie Paleugtults. Paleustults like the Typic except for a.

Arenic Paleustults. FPaleustults like the Typic except for b,

Plinthic Paloustults. FPaleustults 1ike the Typic except for c.

Plinthustults., Ustults that

1.

have plinthite that forms a continuous phase or constitutes more than half
of the matrix within soms subhorizon in the upper 1.25 m (50 inches) of the soil.

(Subgroups not developed)

Rhodustults, Ustults that lack a fragipan, and

1.
2,

3.

L.

heve an eplpedon with moist color values of less than L in all parta 3

have an argillic horizon with dry color velues of less than 5 in all subhorizons
ard no more than 1 unit higher than the moist values;

have no plinthite that forms & continuous phase or constitutes more than helf
of the matrix in sny subhorizon in the upper 1.25 m (50 inches) of the =oil;

have either or both:

" 8., clay distribution with depth such that the percentage of clay decreases

from its maximim smount by more than 20 percent of that maximum within 1.5 m
(60 inches) and the layer in which the percentage of clay decreases doas not
show evidences of clay eluviaticng .

b, an argillic horizon with 10 percent or more weathersble minerals in the
20 to 200 micron fraction of the upper 1 m (LO inches).
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3. have less than 1.5 percent organic metter (0.87 percent carbon) in the upper 15 em
{6 inches) of the argillic horizon exclusive of any Ap;

L. have less than 20 kg organic matter in a unit volume of 1 2 to a depth of 1 m
(4O inches) below the base of any O horizon or the mineral surface;

5. are navar satursted with water, or have redder hues or higher chromas than Aquults.

Haploxerults. Xerults that

1.
2.

3.

L.

have no fragipan;

have no plinthite that forms a continuous phase or constitutes more than half
of the mstrix in any horizon within 1,25 m (50 inches) of the surface;

have a moist color value of L or more in some part of the epipedon, or have an
argillic horizon that has a dry color value of § or more in soms subhorizon or
a molst color value of L or more;

have elther or both:

a, clay distribution with depth such thst the parcentage of clay decreases from

b.

its maximum amount by more than 20 percent of that maximum within 1.5 m
(60 inches) and the layer in which the percentage of clay decreases does not
show evidences of clay eluviation,

an argillic horizon with 10 percent or more weatherable minerals in the
20 to 200 micron fraction of the upper 1 m (LO inches).

Typic Haploxerults., Haploxerults that

b.

c.

have no mottles with chromas of 2 or less in the upper 25 cm (10 inches)
of the arglllic horizon;

have no 1ithic contact within 50 em {20 inches) of the mineral soil gurface;

have textures finer than loamy fine sand in some part of the argillic
horizon and with an argillic horizon that, in at least its upper 25 cm
(10 inches), has no lamellae;

have no layer in the upper 75 em (30 inches) that has s texture finer than
loamy fine sand, thet is as much as 18 cm (7 inches) thick, that has a bulk
density (at 1/3-bar tension) of 0.95 g/cc or less in the fine earth fraction,
and that has either (1) a ratio of measured clay to 15-bar weter (percentages)
of 1.25 or less, or (2) a ratio of CEC (at pH nesr 8) to 15-bar water of more
then 1.5 and more exchange acidity than the sum of bases plus KC1 extractable
aluminum.

Aquic Haploxsrults. Haploxerults like the Typic except for a.

Lithic Haploxerults. Haploxerults 1ike the Typic except for b.

Palexerults,

1.

Xerults that

have both of the following:

b.

an argillic horizon that in the upper 1 m (4O inches) has leas than 10 percent
waatherable minerals in the 20 to 200 micron fraction, and

a clay distribution such that the percentage of clay does not decrease from
its maximim amount by more than 20 percent of that maximum within 1.5 m

(60 inches) of the soil surface, or the layer in which the percentage of clay
decreases shows skeletans or other evidsnces of clay eluviation;

have a moist color value of L or more in soms part of the epipedon, or have an
argillic horizon that has a dry color value of § or more in some subhorizon or
a moist color value of L or more;

have no plinthita that forms a continuous phase or constitutes more than half of
the matrix within 1.26 m (50 inches) of the surface;

have no fragipan.
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OXISQLS: ORDER 9

Oxisols are mineral soils that have an oxlc horizon at some depth within 2 metera (80 inches) of
the surface™ or plinthite that forms a contirmous phase within 30 em (12 inches) of the mineral surface
of the 20il. No spodic or argillic horizon overlies the oxic horizon.

It was pointed out in the 7th Approximation that the classification of the Oxisols had lsgged behind
that of the other orders of mineral soils. While we have accumilated data on & mumber of soils of Hawaii
and Puerto Rico, the Oxisols are not extensive on these islands and are representative only of the Oxisols
from basic rocks in Africa, South America, and Oceanla. The classification presented here is an attempt
to find a compromise between somewhat contrasting opinions. Probably it will satiafy no one. Yet as
we pointed out in the 7th Approximation (page 11), cormpromises batween divergent viewpoints are necessary
in a large group of scientists and may actually produce a system with more general utility than a system
arising from 2 single viewpoint, We have attempted to devise a system that can be applied with maximm
accuracy in the field with the use of the simple tests that can be made in a field laborstory. The
equipment required would include a microscope and stains for micromorphologic and mineralogical examina-
tions, and glasaware and chemicals for estimation of the cations retained by soil samples.

The classification of Oxisols that follows seems to produce satisfactory groupings of the limited
mumbers of the soils that we have in Hawall and Puerto Rico. It needs to be tested more widely,however,
for it is certain to have many shortcomings.

Aquox. Oxisols that have plinthite that forms a continucus phase within 30 em (12 inches)
of the mineral surface of the soil; or that are eithar saturated with water at some time
during the year, or artificially drained, and have an oxic horizon that has one or both of
the following characteristics associated with wetness:

1. a histic epipedon;

2. 1if free of mottles, dominant chromas are 2 or less immedistely below any epipedon
that has a moist color value of less than 3.5; or if mottled with distinct or prominent
mottles within 50 em (20 inches) of the surface, dominant chromss are 3 or less.

Gibbaiaquox. Aquox that have sheets containing 30 percent or more gibbsits, or 20 percent
or more by volume of gravel-size aggregates containing 30 percent or more gibbaite
within 1 m {LO 1nches§rof the minersl surface, but that have no plinthite that forms
a continuous phase within 30 cm (12 inches) of the soil surface. This group of soils
i3 not known in the United States, and subgroups are not developed. It iz believed
that the typlc subgroup should have gibbsite nodules from the surface down.

Ochragquox. Aquox that have an ochric epipedon, but have no plinthite that forms a
continuous phase within the uppsr 1.25 m (50 inches), and have no sheets of gibbsite
or aggrogates cemented by gibbsite within the upper -1 m (4O inches). It ia beliaved
the typle subgroup should:

8. have pruperties diagnostic of an oxic horizon at the surface or immediately
below any thin surface horlizon that has moist .color values -less than 3.5, and
extending to a depth of 1 m (LO inches) or more;

b. have no plinthite that forms a contimuous phase within the upper 1 m (4O inches);

¢. have textures of sandy clay loam or finer throughout the oxie horizon.

Plinthaquox. Aquox that have plinthite that forms a continuocus phase within 1.25 m

(50 uﬁchﬂ) of the surface. This group is not known in the United States. It is

believed the typlc subgroup should:

&. have no plinthite that forms a contimuous phase within the surface 30 c¢m (12 inches);

b.- have chromas of 2 or less in some part of the matrix of the non-plinthite materials
within the horizon that contains plinthite, and in all overlying horizons;

¢. have an ochric epipedon.
A muperic subgroup 1s proposed for Flinthaquox that have plinthite that forms a contimous
phase at the surface, or within the surface 30 em (12 inches).

% If the epipedon is thicker then 2 m (80 inches), and is immediately underlain by an oxic
horizon, the soil is grouped with the Oxisols,
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¢c. have textures of sandy clay loam or finer in the oxic horizon to a depth of
at least 1 m (4O inches).

(Profile 27, p. 92, Tth Approximation, is considered representative of the Typilc
Acrorthox., Additional data on this profile are given in Table 15, p. 5Sh).

Futrorthox. Orthox that

1.

2.

3.

have in all subhorizons of the oxic horizon a cation retention capacity (from NHhCU .
of more than 1 meq per 100 grams of clay (or have more than 1 meq of extractable
bages plus extractable aluminum per 100 grams of clay;

have base saturation (by NH},0Ac) of 35 percent or more in the epipedon and in all
subhorizons of the oxic horizon to a depth of at least 1.25 m (50 inchea);

have no anthropic epipedon.

Typic Eutrorthox. Butrorthox that

a. have an oxic horizon that extends to 1.25 m (50 inches) or more belew the
mineral surface;

b. have no structure in the c;xic horizon or have only very weak prismatic or
blocky structure.

¢. have textures of sandy clay loam or finér in all parts of the oxic horizen
within 1.25 m (50 inches) of the mineral surface;

d. have no plinthite (that is not indurated) withim 1.25 m (50 inches) of the
surface;

€. have no mottles with chromas of 2 or leas accompanied by red or dark red
mottles within 1.25 m (50 inchea) of the surface;

Tropeptic Futrorthox. Eutrorthox like the Typic except for a or b, or a and b,

Gibbsiorthox. Orthox that

1.

have within 1.25 m (50 inches) of tha surface, sheets containing 30 percent or
more gibbsite or a swbhoriszon with 20 percent or more by volume of gravel-aize
aggregates containing 30 percent or more gibbsite.

Typlc Gibbsiorthox. Gibbsiorthox that

4. have gravel-size aggregates cemented by gibbsite within the surface 25 cm
(10 inchea);

b. have no mottles with chromas of 2 or less within the upper 1 m (LO inches),
or above the uppermoat gibbaite sheet, whichever is shallower. ’

Haplorthox. Orthox that

1‘

2.
3.

k.

have a cation retention cspacity (from NHhCI) of more than 1 meq per 100 grams
of clay (or have more than 1 meq of extractable bases plua extractable aluminum
per 100 grams of clay) in all subhorizons of the oxic horizon;

have no sheats of gibbsite or gravel-size aggregates cemented by gibbaite within
1.25 m (50 inchea) of the surface;

have an ochric epipedon and less than 1 percent organic carbon in some subhorizon
that is within 75 em (30 inches) of the minersl surface;

have bage saturation (by NH),0Ac) of less than 35 perceﬁt in some subhorizon of the
oxic horizen within 1.25 m (50 inches) of the mineral surface.

Typic Haplorthox. Haplorthox that

a. have no mottles with chromas of 2 or leas accompanied by red or dark red
mottles within 1.25 m (50 inches) of the surface;
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b. - have no plinthite (that is not indurated) within 1.25 m (50 inches) of the
surface;

¢, have textures of sandy clay losm or finer in all parts of the oxic horizon
within 1.25 m (50 inches) of the mineral surface;

d. have an oxic horizon that extends to 1.25 m (50 inches) or more below the
mineral surface;

e. have no structure in the oxic horizon or have only very weak prismatic or
*  blocky structure.

Aquic Haplorthox. Haplerthox 1like the Typlc except for a.

Plinthic Haplorthox. Haplorthox like the Typic except for b.

Psammentic Haplorthox. Haplorthox like the Typic except for c.

Tropeptic Haplorthox. Haplorthox like the Typic except for d or e or d and e.

Umbriorthox. Orthox that

2.

is

1.

2.

3.

’4-

have a cation retention capacity (from NHLC1l) of more than 1 meq per 100 grams
of clay (or have more than 1 meq of axtractable bases plus extractable aluminum
per 100 grams of zlay) in all subhorizons of the oxic horlizon;

have no sheets of glbbsite or gravel-size aggregates cemanted by gibbsite within
1.25 m {50 inches) of the surface;

have either an umbric epipe&on or an ochric epipedon that has more then 1 percent
carbon in all subhorizons to 75 cm (30 inches) or more below the top of the mineral
surface}

have base saturation (by NH;OAc) of less than 35 percent in some subhorizon of the
oxic horizoen within 1.25 m ,(50 inches) of the mineral surface.

Typic Umbriorthox. Umbriorthex that

a. have textures of sandy clay loam or finer in all parts of the oxic horizon
within 1.25 m (50 inches) of the miperal surface;

b. have an oxic horizon that extends to 1.25 m (50 inches) or more below the
mineral surface;

¢. have no plinthite (that is not indurated) within 1.25 m (50 inches) of the surface;

d. have no mottles that have chromas of 2 or less accompanied by red or dark red
mottles within 1.25 m (50 inches) of the surface;

e. have an umbric epipedon less than 1.25 m (50 inches) thick and have less than
1 percent carbon in some subhorizon within 1.25 m (50 inches) of the mineral
surface.

Oxisols that

are usuglly dry in most yeara in all parts of the soil batween the Ap horizon or 18 em

(7 inches) and 2 m (80 inches) or a lithic or a paralithic contact, whichever is shallower;

have an ochric epipedon that hae moist color values of 4 or more in all subhorizons.

Torrox are not known to oceur In the United States. The suborder may not be needed and

suggested tentatively.

retention. The typic subgroup should probably have textures of sandy clay loam or finer
throughout the oxic horizon, )

Ustox.

Oxisols that

1. have some subhorizon below the surface 18 cm (7 inches) that is dry for 60 consecutive

days or more in most years;

It is possible that no subdivisions of the suborder will be needed
&t the great group level unless wide variations are found ‘to exist in base saturation or base
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2. have mean annual soil temperatures of 15°C (59°F) or more;

3. either have moist valuea of less than L in some part of the epipedon (Al or Ap)
or are usually moist.

Acrustox. Ustox that

1. have a cation retention cspacity (from NH)C1) of 1 meq or leas per 100 grams
clay in some subhorizon of the oxic horizon (or have 1 meq or less of extractable
bases plus extractsable aluminum par 100 grams clay);

2. have an umbric or ochric epipedong

3. have no discernible structure in the exic horizon or have only very weak blocky
or prismatic atructure.

Typic Acrustox. Acrustox that

8. have no plinthite or gravel-size aggregates cemented by gibbsite within
1 m (40 inches) of the surface;

b, have an oxic horizon that extends to 2 m (80 inches) or more below the top
of the mineral surface;

¢. have textures of sandy clay loam or finer in the oxic horizon to & depth of
at least 1 m (LO inches). .

Eutrustox. Uastox that

1. hsve a mollic or umbric epipedon that is at least one unit of value darker (moist)
or one or more units of chroma lower (moist) tham the oxic horizon and base
saturation of 50 percent or more (by NH;OAc) in the oxic horizon if the particle
size class is clayey, or 35 percent or more if the particle-size claass is loarmy;

2. have a cation retention capacity (from NHhcl) of more than 1 meq per 100 grams
clay (or have more than 1 meq of extractable bases plus extractable aluminum per
100 grams clay) in all subhorizons of the oxic horlzon; .

Ve would propose the following definition for the typic subgroup:

Typic Futrustox. BEutrustox that

a. have textures of sandy clay leam or finer in all parts of the oxic horizonm;

b, have an oxic horizon that extends to 1.25 m (50 inches) or more below the
surface; .

¢. have no plinthite (that is not indurated) within 1.25 m (50 inches) of the surface;

d. have no mottles with chromas of 2 or less accompanied by red or dark red mottles
within 1.25 m (50 inches) of the surface;

e. have no structure in the oxic horizon, or have only weak blocky or prismatie
structure.

Haplustex, Ustox that

1. have a cation retention capacity (from NH,C1l) of more than 1 meq per 100 grams of
clay (or have more than 1 meq of extractable bazes plus extractable aluminum per
100 grams clay)in all subhorizons of the oxic horizony

2. have no mollic epipedon, or & mollic epipedon that is less than 1 unit of value
darker and has chromas that differ by leas than 1 unit (moist eclors) from the
oxic horizon; -

3. have base saturation (by NH),0Ac) of less than 50 parcent in some 9art of the oxic
horlzon if the particle-size class is clayey and less tha.. 35 pe.cent if the
particle-aize class is loamy. ’
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